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RENAL TUBULE WORK: 
ITS SIGNIFICANCE FOR THE CLINICIAN* 


L. H. Newsurcu 


Professor of Clinical Investigation, The Medical School, University of Michigan 





zene od has become securely established that the body cells are 
immersed in a fluid characterized by a nearly fixed 
I composition; that protein free plasma and _ interstitial 
fluid are essentially identical and are the two interchang- 
Gesesesesese5e] ing portions of the extracellular fluid; that the constancy 
of composition of this fluid is maintained by the activity of the kidneys; 
that the walls of the glomerular capillaries are filters which permit the 
passage through them of everything in solution other than the protein. 
By definition, filtration is a passive process in so far as the filter is 
concerned and takes place solely because the fluid pressure on one side 
of the membrane is greater than on the other side of it. The concentra- 
tion of a filterable substance is the same on both sides of the filter. 
Homer Smith’ and his collaborators have demonstrated that about 
180 liters of glomerular filtrate are produced each 24 hours by healthy 
adult kidneys. Since this strikingly large volume of fluid has practically 
the same composition as the extracellular fluid, each liter of it contains, © 


“Given April 15, 1947, before the Centennial Meeting, Section of Medicine, The New York 
Academy of Medicine. 
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for example, approximately one gram of glucose and a third of a 
gram of urea. 

If the lining membrane of the tubules through which this fluid is 
flowing was passive in the sense that the walls of the glomerular capil- 
laries are, the urine would have the same composition as the filtrate. 
But this is not at all the case, for as is well known, the glucose has 
disappeared and the concentration of urea has increased 50 to 100 fold. 
These changes are brought about by the activity of the tubular epi- 
thelium. These cells do work and it is this feature of renal physiology 
to which I want to direct your attention. 

Von Rhorer* as long ago as 1905, showed that this kind of work 
can be calculated* for any urinary constituent when one knows the 
concentration of the substance on each side of the membrane and the 
amount of the substance accumulated in the urine. The equation shows 
that when the concentrations of a substance in the plasma and the 
urine are the same, no work has been done regardless of the amount of 
the substance excreted. But as these concentrations diverge, more and 
more work has been required per unit of substance to establish the wid- 
ening difference. Likewise, given any two concentrations that are fixed 
but different, more work has been done to establish this difference when 
a large amount of the substance is involved than when only a small 
amount is acted upon. 

Some substances are more concentrated in the urine than in the 
blood while the concentration of other entities is greater in the blood 
than in the urine. Urea is an example of the first group. Its concentra- 
tion in the urine is commonly too times that of the blood. Glucose is 
the outstanding member of the other group since its concentration in 
the plasma is several hundred times that of the urine. Furthermore it 
should be emphasized that the ions of sodium and chlorine whose con- 
centration in the plasma is nearly constant in health are under some 
circumstances more concentrated and under other circumstances less 
concentrated in the urine than in the plasma. These latter situations may 


"The work for any single urinary constituent is eens by means of the following equation: 
ee 


Work = NRT x 2.3 log — 
B U 


where N is the number of mols of the substance; R is the gas constant —- (1.987 gram calories 
per °C.). T is the absolute temperature (37°C + 273°C = 310°C). U is the urinary and B, 
the plasma concentration of the substance. 

The term “Work” as employed here is the useful work. If the efficiency of the operation 
is 100 per cent, it is also total work. 

For a discussion of the derivation of the equation and its application to renal physiology see 
J. D. Newburgh, The changes which alter renal osmotic work, J. Clin. Investigation, 1943, 22:439. 
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be exemplified by describing certain events in a normal man. His plasma 
contains 3.3 grams of sodium per liter. If his habitual diet contains this 
same amount of sodium, he will excrete 3.3 grams of sodium in the 
urine each twenty-four hours (disregarding the small losses through 
skin and in the feces). And if the volume of urine is one liter, the con- 
centration of sodium in it will be the same as that of the plasma. Hence 
no work has been required to keep the plasma sodium at its normal 
value. Simple diffusion sufficed. Next, the urine is set at two liters 
without change in sodium intake. The 3.3 grams of urinary sodium will 
now be distributed through two liters, and therefore its concentration 
per liter will be half that of the plasma. This difference has been 
brought about by the work of the tubule cells which have caused 
sodium to move from a region of lower to one of higher concentration. 
In a third hypothetical situation, the urine volume is one liter again but 
the sodium intake is 6.6 grams daily instead of the previous 3.3 grams. 
When balance is attained, the urine will contain 6.6 grams per twenty- 
four hours and so its concentration will be twice that of the plasma. But 
now the work has caused the urine to become more concentrated than 
the plasma whereas in the previous setup the concentrations were the 
other way round. So these remarkable tubule cells can cause the urinary 
sodium to become either more or less concentrated than it is in the 
plasma, whichever direction guards the fixity of the plasma value. 

The excretion of urea presents several interesting contrasts to what 
has just been said regarding sodium. Urea is always more concentrated 
in the urine than in the plasma. Accordingly its excretion always re- 
quires work, and increase in urine volume always lessens the work for 
the same amount of urea. But with the usual amounts of salt in the diet, 
increasing urine volume beyond a liter or 1500 cc. demands progressively 
larger amounts of work to keep the plasma sodium at its normal level. 
Accordingly calculation of the total work for urea, sodium and chlorine 
brings out the point that there is a urine volume at which this combined 
work attains its least value. 

Figure 1 presents some calculations of work that demonstrate these 
relationships. It is seen that with a fixed concentration of plasma urea, 
the excretion of 15 grams of urea in one liter of urine requires about 
60 units of work, but that the same total amount of urea distributed 
through two liters of urine reduces the work to 40 units and further 
dilution requires still less work. This is the effect of reducing the ratio 
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Figure 1 


RELATION BETWEEN 
URINE VOLUME AND 
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Figure 2 


of the concentrations of urine to blood urea from 50 to 25 to 17 when 
the total amount of urea excreted is always 15 grams. 

But work is related not only to difference in concentration of a 
substance on the two sides of the barrier but also to the amount of 
the substance transported. This second factor may be evaluated by 
comparing the excretion of 15 grams of urea in 2 liters of urine with 
the excretion of 7.5 grams of urea in one liter of urine. Under these 
circumstances the ratios are the same in the two cases, but the work 
required to excrete the 15 grams of urea is 40 units as compared with 
only 20 units for the smaller amount of urea. 

Turning now to sodium and chlorine, it is seen that there is a urine 
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volume at which no work is done and that either increase or decrease 
in volume is accompanied by work. Thus, the excretion of 16 grams 
of NaCl in 2 liters of urine is accomplished without work because the 
plasma and urine concentrations of the substance are the same; but 
when the volume of urine is either less or greater than 2 liters, work 
must be done since in both cases a difference in concentrations in 
plasma and urine has come about. For example, the concentration of 
16 grams of NaCl in one liter of urine is twice that of the plasma 
whereas the distribution of the 16 grams in 3 liters reduces the urinary 
concentration to two-thirds that of the plasma. It will be seen also 
that when low sodium diets are administered, the work requirement 
is considerable even at one liter of urine, and that it rises sharply as 
volume of urine increases. Accordingly, the progressive reduction of 
work for urea obtained by increasing urine volume may be counter- 
balanced by the adverse effect of large urine volumes on the work 
required to return the NaCl from the glomerular filtrate to the plasma. 

Figure 2 displays these relationships. The curves show the total 
work required to excrete urea and to maintain the normal plasma con- 
centration of Na and Cl. It will be seen that the work is greatest at every 
urine volume when dietary sodium chloride is one gram even though 
the dietary protein is within the normal range. The least work is re- 
quired when the diet is low in protein and high in salt, and the urine 
volume is at two liters. It is seen further that increasing its volume 
beyond this amount augments work somewhat, and that a reduction 
to one liter doubles the work. 

Figure 3. The work for each constituent in a normal 24 hourly 
urine was calculated and the sum of all of these values is represented 
by curve B. Doubling the urea without change in the other urinary 
constituents gives Curve A. The increased work at all urine volumes 
is evident. Curve C is based on the same urine as Curve A except that 
it contains no NaCl. Inspection of these curves brings out the interesting 
fact that the least work is required when the volume of urine is about 
2 liters regardless of whether the diet is high or low in protein or salt; 
and that the work increases sharply as the volume of the 24 hourly 
urine falls below one liter. 

Addis* has calculated the work performed in the excretion of the 
urea resulting from low and high protein diets. When the subjects 
were healthy young men he obtained the responses shown in Table I. 
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Taste I 


WORK FOR EXCRETION OF UREA. LOW AND HIGH 
PROTEIN DIETS. HEALTHY YOUNG MEN. 








Protein Urine volume Work 
gms/24 hours cc./24 hours gram cal. 





40 1219 499 
1222 1155 
1415 1775 








Taste II 
EXCRETION OF SMALL AND LARGE AMOUNTS OF UREA 








Ratio Work per 
Concentration of Urea Urine gm, kidney 
Urea Plasma Urine yey protein Total 
mg/24hrs. mg. percent mg. per cent gram cal, gram cal, 





360 35 6125 170 95 16 
1080 67 8934 44 








ADJUSTMENTS TO REDUCTION OF KIDNEY MASS 








Ratio Work per Amount of 
Concentration of Urea Urine gm. kidney Kidney 
Urea Plasma Urine “Fieen protein Total Excised 
mg/24hr. mg. percent mg. per cent — gram cal. gramecal. percent 





360 35 6125 16 0 
360 +t 4284 14 25 
66 3192 ll 75 

67 8937 Ad 0 

4538 2 23 75 








These data show that the work done by normal tubule cells increases 
with the load and that the very large amount of urea derived from 
the 200 grams of protein is excreted almost without employing the 
device of increased urine volume. 

The adjustments that take place when the excretory mechanism is 
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presented first with a moderate and then with a very large amount 
of urea, are seen in more detail in the next table. Addis* obtained 
the data from two groups of rats, one of which received a diet 
that yielded three times as much urea as the other one. It is seen 
that a trebling of the load is accompanied by a nearly threefold 
increase in work. But still more work would have been required 
if two other shifts had not taken place, namely, the increased concen- 
tration of urea in the plasma and the large increase in urine volume. 
These two shifts reduced the ratio of the concentrations of urine urea 
to plasma urea from 170 to 120. 

Further studies by Addis dealt with the adjustments to reduction 
in the amount of functioning kidney tissue (Table II). Now the 
largest change consists in a lessening of the ratio—urine to plasma con- 
centration of urea. The increase in plasma level is simply the resultant 
of lessened volume of glomerular filtrate caused by excision of portions 
of the kidneys. Since, as less urea is filtered in a unit of time, more will 
accumulate in the blood until the concentration of plasma urea is great 
enough to restore the original rate of passage through the diminished 
area of filter. The second important adjustment is the great increase 
in urine volume. It will be seen that the work per unit of remaining 
kidney does not increase. This might indicate that the tubule cells 
could do no more work. But this is certainly not the correct explana- 
tion since when the urea load is trebled work does go up from 100 to 
220 even though in both cases 75 per cent of the kidneys has been 
excised. 

Regarded clinically it may be very significant that more work is 
done when the diet is high in protein than when it is low. I refer to 
the ancient and widely accepted dictum that directs the physician to 
lessen the work of the diseased organ. The experiments just described 
indicate that this can be accomplished by feeding the smallest amount 
of protein that will maintain nitrogen balance. 

Addis has investigated this question. He found that rats whose 
kidneys had been reduced to one-fourth their original size and who 
were then given an 18 per cent protein diet, developed the cardinal 
signs of advanced glomerular nephritis. Then some of these nephritic 
rats were shifted to a diet containing only 5 per cent of protein and . 
others were placed on a very high protein diet. The former showed 
considerable improvement whereas in the latter animals the renal 
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disease grew worse in all respects. When rats were placed on the low 
and high protein diets respectively immediately after the excision of 
three-fourths of the kidneys, all the animals that received the high 
protein diet died, while all those given the low protein diet survived. 
Perhaps even more significant is the experimental work of Farr and 
Smadel.* They succeeded in producing an experimental nephritis that 
closely resembles human glomerular nephritis by injection of an anti- 
kidney serum. And they showed that the course of this disease is in- 
fluenced to a striking degree by the amount of protein in the diet. 
Rats tended to recover promptly from the nephritis when their diets 
contained only 5 per cent of protein. In animals that were fed 18 per 
cent of protein, the disease became chronic and death from renal failure 
occurred in half of them within the next eleven months. When the 
diet contained 40 per cent of protein, all of the rats developed chronic 
progressive nephritis which was usually fatal within a few months. 
It is well understood that weakness and anorexia are associated 
with only moderate diminution in plasma volume, and that greater 
losses of volume cause prostration and collapse. Since normal plasma 
volume is dependent upon maintenance of an adequate amount of 
sodium in the organism, it is instructive to examine the capacity of 
nephritic tubule cells to do work on sodium. This can be accomplished 
by determining to what extent the diseased cells can reduce the loss of 
sodium in the urine when the intake of salt is quite small. Since the 
organism excretes about 200 mg. of sodium from the skin each twenty- 
four hours even in the absence of sweating and another 50 to 75 mg. 
in the feces, an intake of 300 mg. of sodium daily will necessitate a 
reduction of urinary sodium to some 50 mg. per twenty-four hours 
in order to establish sodium balance. This requires an amount of work 
on sodium by the tubule cells which may be beyond the capacity of 
diseased kidneys. Figure 4 compares this capacity in a nephritic patient 
with the normal response. In both cases, the record begins with the 
institution of a diet containing 300 mg. of sodium. Since each subject 
received approximately maintenance calories, change in body weight 
is acceptable as a rough measure of change in body water. It will be 
seen that the sodium content of the normal urine diminished rapidly 
but that nevertheless a period of five days elapsed before sodium bal- 
ance was reéstablished. Thereafter the urine contained 40 to 100 mg. 
of sodium daily. During the early days when the combined loss of 
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sodium was greater than the dietary supply, there was an accompanying 
loss of body water at a diminishing rate. About one and three-quarters 
liters of water were lost in this way and no subjective disturbance de- 
veloped. It should be noted also that the normal kidneys were able 
to restrict the urinary sodium to very small amounts even though the 
volume of urine on the last day had been increased to four liters, 2 
procedure that required a great increase in work. 

Turning now to the nephritic patient, it is seen that the sodium 
content of the urine diminishes less rapidly than in the normal subject. 
In six days the sodium in the normal urine had dropped from 2550 to 
100 mg., whereas in the nephritic urine it fell only from 2800 to 1900 
mg. Even more significant is the fact that on the tenth day the patient’s 
urine still contained 800 mg. of sodium. Accordingly, the patient never 
achieved or even closely approached sodium balance. This continued 
depletion of sodium was accompanied by a large loss of water which 
amounted to six liters by the tenth day when the experiment was 
stopped because of the gravity of the clinical disturbances caused by 
this depletion. 

Even though the circulatory collapse in this case was caused by 
drastic restriction of salt, it serves to call attention to the importance 
of recognizing that the debility, weakness and anorexia so common in 
chronic nephritis may have their origin in salc depletion. 

Thorn’ and his associates have studied two striking examples of this 
condition. The initial blood pressure in one of the patients was 64 mm. 
Hg systolic and 46 diastolic. The readings in the second case were 
30 systolic and zero diastolic. All of the renal function tests indicated 
that the kidneys were seriously damaged in both patients. Adrenal 
cortical hormone was of no therapeutic value, but the administration 
of considerable amounts of sodium chloride resulted in dramatic im- 
provement. 

The great benefit obtained by some chronic nephritics from liberal 
supplies of salt might seem to indicate that it is paradoxical to prescribe 
low salt diet in the treatment of nephritic edema. But that is not the 
case for the patients who are helped by salt are the ones in whom the 
body content of salt and water is abnormally small, whereas the 
edematous patients are overburdened by an excess of salt and water. 

I shall conclude this presentation by asking two questions and by 
making a prediction. 
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. von Rhorer, L. 


The Questions: Will a diet that requires the least work of the tubule 
cells permit more patients to recover completely from the initial attack 
of acute nephritis, and will it slow the progress of chronic nephritis? 

The Prediction: Just as our understanding of renal physiology has 
been very greatly enlarged by study of the glomerulus as a filter, we 
will make another large step forward by measuring the work performed 
by the tubule cells. 
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DISTURBANCES IN ELECTROLYTE 
METABOLISM IN MAN AND 
THEIR MANAGEMENT * 


DanieEL C. Darrow 


Professor of Pediatrics, Yale University Schoo! of Medicine and Associate Pediatrician, 
Grace-New Haven Community Hospital 


SisTURBANCES in electrolyte metabolism in man may de- 
velop in almost any disease at any age. Changes in body 
D Y water and electrolyte form the central feature of acidosis 
4] and alkalosis, dehydration and edema, and knowledge 
—_——— of this field of physiology underlies all plans for paren- 
teral and enteral feeding. No physician can fulfill his duties without 
considerable knowledge of this field. However, the practical applications 
must vary considerably according to the disease and the reaction of the 
patient. I remember my father telling a story of his teacher in medicine 
at Rush Medical College over seventy years ago. When one of the 
students asked what was the treatment for scarlet fever, the doctor 
replied: “The treatment of scarlet fever depends on what is the matter 
with the patient.” 

Back of this statement is the wisdom that all wise physicians attain 
that ultimately a doctor treats patients and physiological disturbances 
in patients rather than diseases. One cannot outline a simple treatment 
for electrolyte disturbances, for treatment is based on knowledge of 
the manifold disturbances of body water and electrolyte that demand 
various slightly different procedures. One can describe the various 
possibilities of electrolyte disturbances in man and indicate how these 
are met. This type of discussion is most readily carried out for one 
particular disease. However, for a general audience a talk about one 
disease would lack interest except for selected groups. I shall, therefore, 
try to describe certain general features of the metabolism of water and 
electrolyte which are useful in planning the therapy for many diseases. 
The discussion must assume that the listener is willing to think about 
the subject and will do some additional reading and re-orientate his » 














From the Department of Pediatrics, Yale University School of Medicine. Given 13 October 
1947 at the Graduate Fortnight of The New York Academy of Medicine. 
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present views in the light of advances in our physiological knowledge, 
for there have been almost revolutionary changes in our concepts of 
electrolyte metabolism. The new knowledge has been demonstrated 
to have clinical application which improves our therapy strikingly. 

We now know some of the changes that take place in cellular 
electrolyte and some of the relationships between changes in extracellu- 
lar and intracellular electrolyte. It is established that small amounts of 
sodium are normally present in cells and, under abnormal conditions, as 
much as half the potassium of muscle cells may be replaced by approxi- 
mately equivalent amounts of sodium. Metabolic studies have demon- 
strated that the deficit of potassium can be replaced by administration 
of potassium salts and thereby strikingly improve the therapeutic results 
previously attained. Under certain circumstances there is a predictable 
relationship between serum bicarbonate and muscle composition. 

In the past, pediatricians have contributed more than their share 
to our knowledge of fluid therapy and I believe one of the chief 
reasons is that, owing to the varying size of their patients, they have 
been forced to think in quantitative terms, My discussion will, therefore, 
emphasize rough quantitative data on water expenditure and the content 
of the body in water and electrolyte. The figures must be accepted, 
not as precise numbers, but as approximate averages about which 
patients show considerable variations. 

Taking due account of the fact that water of oxidation equals about 
12 per cent of the calories metabolized, the intake must equal the outgo. 
It has long been realized that the outgo is largely an obligatory expendi- 
ture which cannot be safely diminished by reduced intake. It is, there- 
fore, useful in clinical practice to estimate water requirement from the 
physiological factors determining expenditure. 

Water is excreted in the following manners: 1) By imperceptible 
loss from lungs and skin; 2) by sweat; 3) by stools; and 4) by urine. 
The imperceptible loss by lungs and skin is variable, but shows an 
approximate relation to caloric expenditure such that about 44 grams 
of water are lost from the lungs and skin for each 100 calories metabo- 
lized. This water is considered practically free of electrolyte. The 
volume of sweat varies with the need for heat loss, but is also increased 
in emotional states and in vasomotor disturbances. Sweat contains 
sodium chloride at concentrations varying from 10 to 100 mM per liter.* 
The amount of sweat is usually small, except in hot weather and abnor- 
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CHART I—WATER EXPENDITURE PER 100 CALORIES 
RELATED TO URINARY CONCENTRATION 





1. — 1.GM. URINARY SOLIDS == 12.9 MILLIOSMOLED 
2.— 2.6M. URINARY SOLIDS = 25.6 MILLIOSMOLES 
3. —— 3.G6M. URINARY SOLIDS = 38.8 MILLIOSMOLES 


4.— 4.GM. URINARY SOLIDS 51.6 MILLIOSMOLES 
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SPEC. @RAV. 1.008 1.010 1.018 1.020 1.028 1.030 
Ou. SOLIDS PERL. 19 3 43 85 67 79 
M4, COMOLESPER L. 245 400 $55 710 866 1020 


mal states when it may be as great as several liters a day in an adult. 
Expressed in terms of caloric expenditure, 50 to 100 cc. per 100 calories, 
may be produced. Stool water is usually small (3 to 5 grams per 100 
calories), but may be as great as 80 cc. in infantile diarrhea. Urine 
volume varies directly with the solids to be excreted and inversely with 
the urinary concentration.* Since the urinary solids to be excreted are 
dependent on the type of intake and caloric expenditure, they may be 
conveniently related directly to caloric expenditure. Thus, as a first 
approximation, it is rational to relate total water expenditure to caloric 
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Taste I 
MINIMAL WATER REQUIREMENT 








Urine Cone. Baby 3 kg (300 Cal.) Adult 70 kg (3000 Cal.) 
Sp. Gravity Gm Gm/kg Gm/100 cal. Gm Gm/kg Gm/100 cal. 





512 171 171 4950 71 165 
342 3240 46 
94 94 2640 38 85 








output rather than weight and thus reduce adults and babies to a 
common denominator. This has been done in Chart 1 and Table I. 
It will be noted in the chart that different lines are used for different 
urinary solids. If all food but glucose is omitted, the urinary solids may 
be close to 1 gram per 100 calories metabolized. Breast milk does not 
yield more solids than this. Artificially fed infants or adults usually 
excrete about 2 grams of solids per 100 calories. A diet high in salt or 
protein will increase the urinary solids and, of course, abnormal solids 
as in glycosuria or Addison’s disease increase the urinary solids. Next it 
should be noted that urinary water necessary to excrete a given amount 
of solids decreases rapidly up to a urinary concentration measured by a 
specific gravity of about 1.025. But little water is saved by greater 
urinary concentration. If one takes into account the possibilities of 
urinary concentration, the chart gives one a measure of the margin of 
safety of a given water intake and its ability to provide extra water for 
sweat or abnormal losses. Infants on breast milk or many artificial 
feedings are given about 150 cc. per kilogram of body weight or per 
100 calories. This provides about 60 cc. of water available for sweat 
or abnormal losses at a urinary specific gravity of 1.025 or will lead to 
a urinary specific gravity of 1.007, if there is no abnormal loss or sweat. 
The same intake of water per calorie in an adult of 70 kilograms 
metabolizing 3000 calories would be 4500 cc.,—permitting 1800 cc. of 
water for sweat or abnormal losses. It is obvious that the adult will not 
want this much water, except when needed and will tend to regulate 
his intake nearer 2500 to 3000 cc. on full caloric intake or 1500 or 2000 
at bed rest and low caloric intake. However, anything which increases 
the caloric output, such as fever, hyperthyroidism, exercise, and so forth, 
will increase the water requirement. Abnormal losses or sweat must 
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be added to the basal requirement except when urinary concentration 
can provide extra water. Inability to concentrate the urine above 1.010 
will increase the water required for urine formation by about 35 cc. 
per 100 calories or about a liter in an adult. If the urine contains abnormal 
amounts of salt, a provision for added urine volume must be made. It 
must be kept in mind that the kidneys do not concentrate, not only in 
chronic nephritis, but also following some surgical operations, trauma 
and emotional disturbances, as well as in diabetes insipidus. 

Table I shows the water requirement of a baby weighing 3 kgm. 
and of an adult weighing 70 kilograms. In the baby, the calories metabo- 
lized are 100 per kilogram and in the adult, 43 per kilogram. It will be 
seen that, except for the requirement for growth, babies and adults 
utilize about the same amount of water per 100 calories, although their 
requirement per kilogram of weight differs widely. The table empha- 
sizes the importance of metabolism rather than weight in determining 
water requirement. 

On the other hand, if there is oliguria or anuria, the water expen- 
diture is less by the amount of urine that is not formed. Keeping the 
water intake high, when urine is not excreted, will dilute body fluids, 
produce low electrolyte concentration and thereby aggravate the 
oliguria under some circumstances and even produce water intoxica- 
tion. The tendency to force fluids in oliguria is almost universal, prob- 
ably because deficiency of water produces oliguria and hence is relieved 
by replacement of body water. In such cases the deficiency usually in- 
volves electrolyte as well as water. However, when oliguria is de- 
pendent on a defect within the kidneys, maintenance of body water 
and electrolyte concentration at normal levels provides the best condi- 
tions for recovery of urinary function and preservation of life. This 
means that many types of oliguria should receive low water intakes 
and the body water and electrolyte concentration of such patients 
should be followed closely by measuring the serum electrolyte concen- 
tration frequently and keeping the body weight relatively constant.* 
The chart shows the appropriate amounts of water to give and serum 
electrolyte concentration permits one to estimate the amounts of salt 
solution that should accompany the water; the body weight gives a 
rough measure of the water content of the body and permits one 
to estimate from day to day how successful one has been in maintaining 
a normal water content. 
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It has long been known that disturbances in body water, such as 
edema and dehydration, involve changes in the volume of extracellular 
fluids as well as changes in the concentration of extracellular electrolyte. 
Thus the changes in body water have come to be regarded as inter- 
dependent on the changes in extracellular electrolyte with which the 
changes in body water are’ associated. If there is a relative deficit of 
chloride in extracellular fluids, serum bicarbonate becomes high and 
alkalosis is demonstrable. If there is a relative deficiency of sodium, 
bicarbonate in serum has a low concentration and acidosis develops. 
To a certain extent acidosis may be explained by accumulation of ab- 
normal acids such as aceto-acetic acid, but in general, acidosis is ex- 
plained by relative or absolute deficiency of sodium. If acidosis, alka- 
losis, dehydration and edema involved only extracellular fluids, treat- 
ment would be possible using only the appropriate amounts of water, 
sodium bicarbonate and sodium chloride. However, it is now established 
that cellular as well as extracellular electrolytes are involved in many, if 
not most, disturbances in body water and electrolyte.* * The relation- 
ships between intracellular and extracellular fluids are now beginning 
to be established so that it is possible to predict some of the changes in 
the cells and furthermore it has been proved that the changes in cellular 
fluid are accessible to treatment. Not only is it impossible to replace 
deficits of cellular electrolyte with sodium and chloride, but under many 
circumstances the concentrations of extracellular electroyte remain ab- 
normal or in an unstable state until cellular electroyte has been restored. 
For example, alkalosis, in the presence of potassium deficit, may per- 
sist despite abundant available extracellular fluids and electrolyte. 

The changes in intracellular electrolyte have been established almost 
solely for skeletal muscle, but since intracellular fluid of muscle repre- 
sents about 70 per cent of the total intracellular fluid, the changes in the 
body as a whole can be discussed as if the changes in muscle were 
known to involve all cellular fluids. While muscle cells may lose some 
phosphorus, the chief changes involve loss of potassium, which is 
usually accompanied by replacement by approximately equivalent 
amounts of sodium. This type of change in muscle composition has 
been shown to develop following abnormally low intakes of potassium, 
such as diets low in potassium,”* or maintenance of body fluids by 
parenteral administration of solutions containing only sodium, chloride 
and glucose.’ A similar picture is also produced by increased rate of 
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excretion of potassium following the injection of desoxycorticosterone 
acetate." "' In both of these types of potassium deficit, abundant so- 
dium chloride apparently aggravates the loss of potassium. Loss of po- 
tassium is an important feature in infantile diarrhea’ and diabetic 
coma."*"° In both of these types of potassium deficit, increased excre- 
tion in the stools or urine may account for the changes, but in addition 
circulatory collapse probably also plays a role. In traumatic shock due 
to tourniquet injury or burns, the muscles apparently lose the ability 
to retain potassium, and sodium enters the cells.’ Injury due to cold 
produces the same changes.’* Furthermore, alkalosis’®*°** is accom- 
panied by loss of potassium from muscle and intracellular replacement 
of the deficit of potassium by sodium. Recent studies” have demon- 
strated a high degree of correlation between the concentration of serum 
bicarbonate in rats and the composition ‘of the muscle with respect to 
total potassium and intracellular sodium. The condition for maintenance 
of this relationship is renal adjustment in the presence of a deficit of 
sodium or chloride or potassium. The relationship may be considered 
a biological adjustment or biological steady state which has consider- 
able clinical significance. 

Chart 2 shows this relationship. It will be noted that serum bicar- 
bonate concentration varies directly with intracellular sodium and in- 
versely with muscle potassium. The relationship holds when the primary 
disturbance is serum alkalosis or, in other words, chloride deficiency, 
or when the primary disturbance is low muscle potassium or potassium 
deficiency and also in acidosis or sodium deficiency. In both chloride 
and potassium deficiency, serum bicarbonate tends to become high, 
while intracellular sodium is increased and muscle potassium is de- 
creased. It follows, therefore, that chloride and potassium deficiency 
are similar and tend to involve a deficit of both chloride and potassium. 
Although extracellular sodium may be decreased, there may be little 
or no deficiency of sodium in the body as a whole, for the excess of 
intracellular sodium is likely to be equivalent to the deficit in extra- 
cellular fluids. In acidosis there is a tendency to decrease in intracellular 
sodium and normal or slightly high muscle potassium. 

Probably the clinical significance of the quantitative relationships 
can best be illustrated by tables showing the estimated composition of 
the body as a whole. 

In Table II, I have represented the composition of 10 kilograms of 
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CHART II 
RELATION OF THE CONCENTRATION OF SERUM BICAR- 
BONATE TO MUSCLE POTASSIUM AND 
INTRACELLULAR SODIUM 
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Bicarbonate 
mM. perl. 
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The graphs were obtained from data on rats. The relationship will 
be demonstrable only when renal adjustment has been attained. The 
chart is useful in explaining why deficits of intracellular fluids must 
be considered in treating disturbances of body water and electrolyte. 


Taste II 


ESTIMATED COMPOSITION OF 10 KG FAT-FREE TISSUE: NORMAL 








Concentration per Kg H,O Total Amount 
Extracellular Intracellular Extracellular Intracellular 





HCO, mM 25 
Cl 3 13 


10 45 


Na mM : 14 63 
K 706 
P 518 
Solids Gm 
N Gm 


H,O Kgm 


238 
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Taste III 
ESTIMATED COMPOSITION OF 10 KGM OF FAT-FREE TISSUE:* 
ALKALOSIS 








Concentration per Kg H,O Total Amount 
Qaetracellular Intracellular Extracellular Intracellular 





HCO, mM 39 
Cl 
Na 


Solids Gm 
N Gm 
H,O Kgm 








* The actual weight in this case would be 9.8 kilograms owing to a deficit of intracellular water. 
The weight is considered 10 kilograms, because the organic structure would lead to this weight 
if body electrolyte were normal. 


tissue of a normal baby. The proportion of extracellular fluid is 25 per 
cent, but 20 per cent is nearer the accepted figure for adults. The total 
amounts of electrolyte are obtained by multiplying the concentrations 
by the volumes. Total intracellular fluid is represented as having the 
composition of the cellular fluid of muscle and extracellular fluid is 
represented as having the composition of an ultrafiltrate of plasma. 

The table shows high normal intracellular sodium and potassium. 
As was indicated in the Chart 1, intracellular sodium can be transferred 
to extracellular fluid in acidosis and hence can support the concentra- 
tion of extracellular bicarbonate. It is, therefore, of importance that 
intracellular sodium is almost equivalent to the total extracellular bicar- 
bonate or one-sixth of total extracellular sodium. On the other hand, 
intracellular sodium increases when serum bicarbonate is high and thus 
decreases the extracellular alkalosis that would result from a given 
change in body chloride. However, the large changes in intracellular 
sodium probably always involve some loss of muscle potassium. 

In Table III, I have represented the state of body composition when 
serum bicarbonate is 35 mM per liter (81 volumes per cent). At 
biological adjustment this leads to a loss of about 30 per cent of muscle 
potassium and an increase of intracellular sodium equivalent to the 
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total normal extracellular sodium. Persistance of such a state depends 
on continued deficit of chloride or potassium. 

It is obvious that potassium deficit cannot be corrected with sodium 
salts. It is not usually realized that severe alkalosis due to chloride 
deficit tends to be accompanied by potassium deficit. On the other 
hand, potassium deficit can lead to severe alkalosis despite abundant 
chloride in the diet. This fact is beautifully exemplified by those cases 
of Cushing’s syndrome**** which show high serum bicarbonate, low 
serum chloride and potassium; such cases respond to potassium salts, 
but fail to recover from alkalosis on sodium chloride alone. If a patient 
is able to take food, almost any diet contains sufficient potassium for 
restoration of depleted stores, but if potassium loss is increased by 
desoxycorticosterone acetate or the compound produced by certain 
adrenocortical tumors, by diarrhea, and the changes leading to diabetic 
coma, deficit of potassium may persist despite a normal diet. If therapy 
must be confined to parenteral fluids, potassium should be added to the 
mixtures given in order to make it possible to restore the normal com- 
position of extracellular and intracellular fluids. 

It has been demonstrated that certain types of potassium deficit do 
not show this relationship. Thus, in infantile diarrhea loss of potassium 
is apparently always a prominent feature.’* The loss may be equivalent 
to as much as one-fourth of the estimated normal content of the body. 
Accompanying the loss of potassium, intracellular sodium may be low 
or high and acidosis usually accompanies the loss of extracelluar elec- 
trolyte. If intracellular sodium is normal or high in the presence of 
acidosis, the composition of the intracellular fluid has not undergone 
the loss of sodium which accompanies acidosis at biological adjustment. 
Low muscle potassium in acidosis is also contrary to the finding of 
normal or high muscle potassium in acidosis. Furthermore, low or nor- 
mal intracellular sodium is contrary to the finding of high intracellular 
sodium when potassium is lost. The absence of the relationships between 
serum bicarbonate and muscle composition that is found when only 
one ion is deficient, is presumably explained by the multiple deficiencies 
of the three ions in diarrhea. Whatever the explanation, the lack of 
the usual relationship represents an unstable state of body water and 
electrolyte. In diabetic coma we know that deficit of potassium as well 
as extracellular electrolyte is an important feature and the clinical 
instability of infants with diarrhea and patients with diabetic acidosis 
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is probably in part explained by the instability of the relationship be- 
tween the concentration of extracellular fluids, and the composition of 
intracellular fluids. The composition of the body at biological adjust- 
. Ment is important in explaining the instability when the relationship is 
disturbed, but the particular deficits determine the final adjustment 
that will be attained with a given therapy. 

When acidosis is treated with solutions of sodium chloride and so- 
dium bicarbonate, it has long been recognized that the dose of sodium 
bicarbonte necessary to restore extracellular bicarbonate is usually 
greater than can be accounted for by the theoretic retention of sodium 
in extacellular fluids. It has been shown that this discrepancy is largely 
accounted for by transfer of sodium to the intracellular fluids.’* The 
transfer of sodium to the cells may be dependent on the decrease in 
intracellular sodium which accompanies acidosis or it may be dependent 
on persistence of deficit of potassium which leads to excessive reten- 
tion of sodium in the cells. If potassium chloride is added to fluids given 
parenterally, restoration of muscle potassium begins before food is 
taken and abnormal transfer of sodium to the cells is minimized or 
eliminated. On the other hand, if the administration of sodium chloride 
and sodium bicarbonate is continued until renal adjustment is attained 
in the presence of deficit of potassium, the serum bicarbonate will tend 
to become abnormally high. For instance, a rat with a muscle potassium 
of 30 mM per 100 grams of fat-free solids has about two-thirds of the 
normal content. At biological adjustment, this degree of potassium 
deficit is accompanied by a concentration of bicarbonate in serum of 
40 mM per liter (95 volume per cent) and an intracellular sodium of 
14 mM per 100 grams of fat-free solids. This amount of intracellular 
sodium is almost four times the normal value and is equivalent to three 
times the normal extracellular bicarbonate. Looking at the equilibrium 
from the point of view of the serum, profound alkalosis would be 
produced by the administration of sodium chloride and sodium bicar- 
bonate until renal adjustment was reached in the presence of potassium 
deficit. The production of alkalosis by treating acidosis without re- 
plenishment of potassium is, therefore, not a result of failure of renal 
function but is the result which should be anticipated with normal renal 
adjustment in the presence of potassium deficit. 

On the other hand, alkalosis which reaches a high degree and has 
persisted for some time, will lead to deficit of potassium. Administration 


ia . 
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of sodium chloride will not overcome this alkalosis, if the potassium 
deficit persists. This fact explains the difficulty of overcoming some 
cases of alkalosis if food cannot be taken and potassium chloride is not 
administered. 

In some babies with diarrhea, acidosis and dehydration become 
suddenly aggravated despite no increase in loss of water and electrolyte 
‘in the stools. This phenomenon can be explained if we assume that 
deficit of potassium develops slowly and intracellular sodium remains 
low or normal. If this unstable state leads to a rapid transfer of sodium 
from the extracellular to intracellular fluids, the sudden aggravation of 
acidosis and dehydration is readily explained. If the increase in intra- 
cellular sodium is equivalent to 5 per cent of the intracellular potassium, 
the decrease in extracellular sodium would be equivalent to one-half 
the normal extracellular bicarbonate or one-tenth of the normal extra- 
cellular sodium. Since the extracellular fluids are already depleted in a 
patient with diarrhea, a relatively small shift of sodium would produce 
a marked aggravation of extracellular dehydration and acidosis. 

Deficit of potassium may be accompanied by low concentration of 
potassium in serum. This has been reported to be the case in gastric 
alkalosis,” following the administration of desoxycorticosterone ace- 
tate’ ** and in the cases of Cushing’s syndrome accompanied by alka- 
losis.**:** Infants with severe dehydration due to diarrhea or patients 
with diabetic coma are likely to show normal or slightly high serum 
potassium before treatment is begun. If infants with diarrhea*® **** or 
patients with diabetic coma’ **"® are treated with sodium salts and 
glucose alone, serum potassium is likely to become abnormally low 
after treatment has apparently restored body water. Indeed, several 
diabetic patients have been described who developed paralysis analogous 
to familial periodic paralysis. The latter has been shown to be accom- 
panied by low serum potassium and is relieved by administration of 
potassium salts.** A similar effectiveness of potassium was demonstrated 
in one case of diabetic coma with paralysis developing during treat- 
ment."* Muscular paralysis has been described in dogs receiving desoxy- 
corticosterone acetate.’* Thus, muscular paralysis is one of the results 
of potassium deficiency, but it must be regarded as relatively rare.” , 





In a recent paper (Am. J. Med. Sciences, 214:153, 1947) Huang and Mao describe eleven cases of 
transient paralysis occurring on the second to ninth days after admission to the hospital of patients 
with cholera. The paralysis was regarded as analogous to that developing in familial, periodic paral- 
ysis and responded dramatically to the intravenous injection of potassium chloride. Unfortunately 
the authors were unable to determine the level of serum potassium. The patients had been treated 
with solution of sodium chloride before the paralysis developed. 
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Patients receiving desoxycorticosterone acetate frequently develop car- 
diac failure and in experimental animals myocardial necrosis develops." 
Myocardial necrosis has also been recognized in Addisonian patients 
dying following the administration of desoxycorticosterone acetate. 
Recent studies have indicated that sodium chloride in conjunction with 
desoxycorticosterone acetate is necessary for the production of these 
lesions.*® However, the myocardial lesions can be produced by diets 
low in potassium. Cardiac enlargement and electrocardiographic changes 
were observed in a baby with potassium deficiency due to diarrhea.*° 
Myocardial failure is probably one of the dangers of potassium deficit, 
especially in the presence of abundant sodium chloride, and should be 
regarded as one of the untoward results of administration of sodium 
chloride in the presence of potassium deficit. 

As indicated above, potassium deficit is not always accompanied by 
low concentration of potassium in serum. In part, the author believes 
that high or normal serum potassium in the presence of potassium deficit 
is dependent on a tendency to release of potassium from the cells in 
dehydration, circulatory collapse and anoxia. The unmistakable estab- 
lishment of the diagnosis of deficit of potassium requires a determina- 
tion of the losses of body potassium or a measurement of the retention 
during recovery. Neither procedure is clinically practical. Paralysis, 
muscular weakness and atonic muscles should suggest potassium defi- 
ciency in conditions likely to develop this deficit. Enlargement of the 
heart or myocardial failure should also suggest potassium deficiency. 
However, in general, specific clinical manifestations or feasible labora- 
tory examinations are of little help in the recognition of potassium 
deficiency. The author believes the diagnosis of potassium deficiency 
must rest largely on recognition of the conditions likely to be asso- 
ciated with this disturbance. 

Govan and the author*!:*? have worked out methods for treating 
infantile diarrhea with parenteral solutions containing sodium chloride, 
sodium bicarbonate and potassium chloride. The method has reduced 
the mortality in severe infantile diarrhea from 25-35 per cent to less 
than 5 per cent. The babies look better than with the old treatment, 
even when experience indicates that the former treatment would be 
successful, and there can be no doubt that potassium salts should be 
used in this condition and in other conditions accompanied by deficit 
of potassium. Similar procedures have been applied in a smaller number 
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Tasrte IV 


SOLUTION USED FOR DIARRHEA 








Concentration per Liter 





NaCl ates 4.4 Gm 


_ Sa 4 2.7 Gm 
NaHCO, ...... 1.0 Gm 








of cases of diabetic coma and in two cases of gastric alkalosis. While 
many details in the use of parenteral potassium remain to be worked 
out, sufficient is known now to indicate feasible procedures. 

The chief danger in the use of potassium salts is the production of 
heart block. Heart block develops when the extracellular concentration 
rises to a little more than twice the normal value. The dose of potassium 
and the rate of administration must be such as not to lead to this con- 
centration. If renal function is good, potassium is rapidly excreted when 
the concentration in serum rises. However, rapid intravenous adminis- 
tration can exceed the rate of excretion. The author has estimated that 
3-5 mM of potassium or 0.26 gm. of KCI per kilogram in 24 hours is 
a safe dose, if used with proper precautions. The total dose should not 
be given in less than four hours and preferably should be given by 
slow drip in eight or more hours. While we originally gave potassium 
chloride intravenously, hypodermoclysis is now used almost exclusively 
for parenteral administration, since this method is safer because the rate 
of injection can be more reliably controlled and the fluid does not 
enter the blood stream directly. Administration of potassium chloride 
should be combined with sodium chloride or sodium chloride and 
sodium bicarbonate, together with intravenous glucose in water sufh- 
cient to supply the water requirement. The glucose probably facilitates 
the transfer of potassium to the cells. 

Table TV shows the composition of the fluid used in diarrhea. This 
solution should be diluted with two or three parts of 5 or 10 per cent 
glucose in water, if given intravenously by slow drip. The solution 
can be given subcutaneously by slow drip without modification. Butler 
has advocated a similar solution already diluted for intravenous use. 
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His solution contains a little less sodium chloride relatively and a small 
amount of phosphate. I believe slightly less sodium chloride is adequate 
and phosphate is apparently indicated in diabetic coma, but it has not 
been shown to be indicated in diarrhea. 

In alkalosis we are not in a position to recommend a solution from 
extensive direct experience. Probably a solution containing 50 mM of 
KCl and 50 mM of NaCl per liter will be found to be appropriate, 
i.e., NaCl 2.9 grams, KCl 3.7 grams per liter. 

The dangers of oliguria accompanying dehydration can be avoided 
if some physiological salt solution and glucose solution are given before 
the hypodermoclyses of potassium-containing solutions are started. This 
will delay the administration of potassium solutions only 1 to 4 hours. 

When there is no likelihood of vomiting, oral solutions are well 
tolerated and readily taken. The author has given orally the solution 
used for diarrhea, diluted with two or three parts of 5 or 10 per cent 
glucose in water and has offered appropriate amounts every three or 
four hours. 

The safe dose of potassium and adequate amounts of sodium salts 
for marked dehydration are obtained when 80 cc. per kilogram of 
the solution described in Table IV are given. In any case, it must be 
kept in mind that the total fluid intake should be 100 to 150 cc. per 
100 calories metabolized, and at least two-thirds of the water should 
be 5 or 10 per cent glucose in water. The glucose solution in water 
may be added to the salt solution, if given intravenously, but provision 
for administration of water without salt must always be made. 

In the above discussion I have emphasized the physiological back- 
ground of water and electrolyte metabolism. In practice, fluid therapy 
must be individualized according to the clinical disturbances, the esti- 
mated changes in body water and electrolyte, and the reaction to treat- 
ment. If fluids can be taken in adequate amounts by mouth, parenteral 
administration may be unnecessary. Except in renal failure, it is practi- 
cally impossible to produce potassium intoxication with oral administra- 
tion of potassium salts. If, owing to vomiting, diarrhea, coma or other 
contraindications to oral fluids, parenteral administration of fluids must 
be undertaken, a plan of therapy should be outlined which takes the 
following factors in consideration. 

1) Total fluid intake should vary between 100 and 150 cc. per 100 
calories metabolized, depending on the ability to form concentrated 
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urine and the rate of abnormal fluid loss. 

2) In order to restore the deficit of water and electrolyte, 40 to 80 
cc. of a solution containing salts will be necessary in dehydration. This 
should be added to the basic water requirement in severe cases of de- 
hydration. 

3) If there is shock, transfusion of blood and plasma or plasma 
should be given (10 to 30 cc. per kilogram of body weight). 

4) In acidosis, the solution used to replace the electrolyte deficit 
should contain NaCl, NaHCOs and usually KCl. The mixture recom- 
mended for diarrhea has been found to lead to recovery from diarrheal 
acidosis without additional sodium bicarbonate or sodium lactate and 
the author has not seen alkalosis result from this solution. The same 
solution is appropriate for diabetic coma if used in conjunction with 
glucose and insulin; 40 to 80 cc. per kilogram meet the deficit of sodium 
and chloride, but the total deficit of potassium cannot be restored 
rapidly by parenteral fluids. 

5) In alkalosis, a solution containing both sodium chloride and 
potassium chloride is indicated. The solution suggested above has not 
been tried sufficiently to establish its appropriateness by clinical ob- 
servation. However, the theoretical considerations indicate that some 
mixture of both NaCl and KCl will prove to be more effective than 
physiological saline alone. 

6) Before giving potassium-containing solutions by hypodermocly- 
sis, dehydration should be treated with intravenous physiological saline 
and glucose (20 to 4o cc. per kilogram). This should be complemented 
by transfusion in all patients likely to suffer from shock. 

7) If fluids cannot be taken by mouth after 12 to 24 hours, paren- 
teral fluids should be continued so as to give 100 to 150 cc. of water 
per 100 calories metabolized. If loss of electrolyte continues or has not 
been entirely replaced, about one-fourth to one-third of the water 
should be given as a fluid containing an appropriate mixture of sodium 
chloride, sodium bicarbonate and potassium chloride. 

Amino acids and plasma or plasma are indicated especially when 
starvation is likely to continue for several days. The sodium and chlo- 
ride in each of these solutions is likely to meet the requirements for 
these ions. Hence, only potassium chloride and possibly phosphate is 
necessary to overcome the cellular deficits which are only partially 
replaced in the first days of treatment. About two-thirds to three- 
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quarters of the parenteral fluids should be given as water without salt. 
If the salt solution is given by hypodermoclysis, 5 to 10 per cent 
glucose in water should be injected slowly into a vein. If all solutions 
are given by vein, the glucose, amino acid and salt solutions should be 


mixed. 

8) In patients with oliguria or anuria not dependent on water ana 
electrolyte deficit or obstructive lesions of the genito-urinary tract, 
fluid therapy should be planned which will keep body water relatively 
constant, as indicated by the weight, and will restore and keep serum 
electrolyte concentrations relatively normal as indicated by serum elec- 
trolyte determinations. The fluid intake must make due allowance for 
the low urine volume when this is dependent on intrinsic renal failure. 

9) Over short periods, the changes in body weight are the best 
simple guide to changes in the water content. 

In summary, disturbances in water and electrolyte metabolism in- 
volve changes in the intracellular as well as extracellular fluids. In 
dehydration, deficits of sodium, chloride and potassium have been 
demonstrated and the deficit of each of these ions must be considered 
in treatment. The daily water administered must meet the daily ex- 
penditure. The obligate expenditure can be related to the calories 
metabolized and only the urinary excretion can safely save water for 
abnormal losses through the ability to form concentrated urine. There 
is a biological adjustment between the concentration of serum bicar- 
bonate and muscle composition such that muscle potassium varies in- 
versely with serum bicarbonate and intracellular sodium varies directly 
with serum bicarbonate. These relationships may be expected to be 
exhibited only when, fenal adjustment is attained in the presence of a 
deficit of sodium or’ chloride or potassium. At biological adjustment, 
deficits of potassium or chléride lead to similar changes in body com- 
position. In the conditions in which the relationship of the serum bicar- 
bonate to muscle composition is not attained, body fluids may be con- 
sidered in an unstable state. The unstable state explains some of the 
phenomena noted in infantile diarrhea, such as the large dose of bicar- 
bonate necessary to overcome acidosis, the sudden aggravation of 
acidosis and dehydration without accelerated electrolyte loss. Deficit 
of potassium is susceptible to parenteral and enteral therapy with im- 
provement in the results obtained when only deficits of chloride, sodium 


and water were replaced. 
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@SeseSe5e5e5eOCcHEMICAL studies of the ways in which living cells 
utilize materials for growth, development, repair and 
the release of energy represent the basic level from 
which our knowledge of metabolism must proceed. 

rt & Studies on the enzyme systems involved in the metab- 

olism of carbohydrates illustrate the complexity of this subject. When 
we seek similar information on the metabolism of other substances, such 
as proteins and fats, we find that our knowledge is extremely scanty 
and unsatisfactory. Hence, many of the important questions about the 
effects of aging on metabolism must await further biochemical research. 

Metabolism of the total organism, however, has long been the con- 
vern of physiology, nutrition and medicine. Total oxygen consumption 
of the organism has come to be regarded as a useful index of the total 
metabolism. This index is useful because most of the chemical processes 
in the body require oxygen. Similarly, total balance studies, which 
measure the total intake and output of some specific substance, have 
been extensively used. However, it is important to recognize that such 
measurements can give only an overall picture without identifying the 
specific chemical processes which are involved. Nevertheless, a review 
of what we do know about the effects of aging on total metabolism and 
on the metabolism of such substances as carbohydrates, proteins, fats 
and minerals will be of value in charting future research needs. 


CELLULAR METABOLISM 


Dehydration of tissues has been traditionally regarded as a conse- 
quence of aging. Recent studies on the chemical composition of the 
cells in tissues from aged humans and animals, however, have failed to 
confirm this concept. Simms and Stolman’ have analyzed kidney, liver, 
spleen and muscle tissue obtained from human material at autopsy after 


* Given 14 October, 1947 at the Graduate Fortnight of The New York Academy of Medicine. 
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accidental or homicidal death in otherwise apparently healthy persons. 
Comparisons were made between a younger group of eleven individ- 
uals, ranging in age from 30 to 4o years, and an older group of six 
persons all over 70 years of age. On the average, sodium, water, chlo- 
ride and calcium showed definite increases in the older group. In con- 
trast, decreases were noted in potassium, magnesium, phosphorus, nitro- 
gen and ash. These changes were in the direction to be expected if there 
had been an increase in extracellular fluid. 

The results of Lowry and Hastings*** on tissue analyses of aged 
rats also clearly indicate a hydration rather than a desiccation of the 
tissues in the old animals. The water content of cells remained un- 
changed, whereas the water content of aged tissues increased. The 
authors believe that this increase in water was an extracellular edema 
consequent to atrophy, the loss of tissue cells, or to cardiac or renal 
hypofunction in the old rats. Horvath** was unable to detect any sig- 
nificant decrease in water content of muscle tissue in aged rats. 

Histochemical studies thus far have presented a picture of loss in 
the number. of functioning cells and accumulation of collagen and 
fibrin in the tissues of aging animals but offer no evidence of functional 
changes in the cells which remain intact. There is no evidence of a 
change in the composition of the cytoplasm of cells that remain func- 
tionally active in very old individuals. 

The effects of age on various cellular enzyme activities have not 
been systematically studied. Rosenthal, Bowie, and Wagoner’ have 
reported a decline in the respiratory oxidations of aging articular 
cartilage. They attribute this decline to a gradual failure of the oxygen 
activating component of the respiratory enzyme systems. Lazovskaya* 
has observed a decrease in oxygen uptake in blood vessels of old rats 
when compared with young animals, which he believes is due to a fall 
in the activity of specific enzyme systems, namely, succino dehydro- 
genase and cytochrome oxidase systems. Glesina® reported a similar 
reduction in the oxidation processes in muscle tissue of old animals. 
These studies are important in indicating possible trends; yet a great 
many more observations on different tissues need to be made. It is also 
important to find out whether the lowered oxygen consumption, if 
present in such aged tissues, can be stimulated by the addition of 
appropriate endocrine or vitamin preparations. 
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OxyGEN CONSUMPTION 


All of the tables of normal values for basal metabolism show a 
progressive decline with advancing age.’’** However, examination of 
the original data on which these norms are based, shows that very few 
persons above the age of 65 have been tested. Values for the higher 
age categories in the tables have been obtained by extrapolation of 
curves established on subjects of lower ages. A more extensive study 
of basal metabolism in aged subjects has been reported by Lewis,’ who 
made determinations on 45 males between the ages of 65 and 1o1 years. 
His results indicated that the individual differences in metabolic rates 
of older individuals were very large. In fact, many of the subjects over 
the age of 80 had metabolic rates as high or higher than the mean of the 
4o year old group which he also studied. Despite the increased range 
of individual differences in the aged, statistical analysis of his observa- 
tions showed a linear decrease for the average curve between the ages 
of 40 and go years. The average value for basal metabolism decreased 
from 36.4 calories per sq. m. per hour for the 40 to 49 year old subjects 
to 33.6 calories per sq. m. per hour for the 80 to 89 year old group, a 
total decrease of less than 10 per cent. The average basal metabolism 
of three subjects between the ages of 90 and 101 was 29.8 calories per 
sq. m. per hour. Thus, his results indicate that metabolic rate of persons 
over 65 is significantly lower than the value of 35 calories per sq. m. 
per hour shown in the tables of norms. He found no significant relation- 
ship between the apparent vigor of the individual and the metabolic 
rate determined in the usual manner. 

The change in basal oxygen consumption with increasing age in in- 
dividual subjects has been reported by Benedict.’? Measurements were 
made in three men who were tested repeatedly between the ages of 
30-49 years, 42-59 years, and 38-57 years. Although a general decline 
in metabolism was observed, the irregularities in the data between ob- 
servations made at short intervals are greater than the total age change 
observed. Studies in progress in our laboratory corroborate the finding 
of lowered metabolic rate in older patients as well as the increased range 
of individual differences. 

While the gross decrease in basal metabolism cannot be denied, such 
determinations cannot tell us whether the oxygen utilization of indi- 
vidual cells in older organisms is changed or not. No method has yet 
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been found whereby the total amount of functioning protoplasm can 
be estimated in the intact human. Reduction in total metabolism may 
be only a reflection of the accumulation of inert non-metabolizing 
materials such as collagen, fat and fibrin within the body of the aged. 
Since histological studies all indicate a reduction in the number of 
functional cells in old tissue,’*** it is quite possible that this reduction 
in total metabolism is simply a reflection of the reduced number of 
metabolizing units present in the old organism. Decreased total muscle 
efficiency,”*** decreased muscle tone and actual muscle atrophy do occur 
with advancing age.** As the muscle mass contributes a major portion of 
the total oxygen consumption, slight reductions in the amount of this 
tissue would be reflected in a lower total oxygen consumption. 
Because of the many physiological mechanisms available for the 
maintenance of homeostasis, determinations made under basal conditions 
may fail to show changes with age. Thus, studies of physiological re- 
sponses to displacing stimuli are of great importance in assessing the 
degree and importance of age changes. One type of physiological stress, 
which is easily applied and for which many significant measurements 
can be made, is that of physical exercise. Only a few studies of the 
physiological response to exercise in aged people have as yet been made. 
Robinson®”’ has, however, collected observations on physiological re- 
sponse in eleven adults between the ages of 60 and 80 years. Whereas 
the basal oxygen consumption diminished only slightly with age, the 
maximum oxygen consumption during exercise showed a much greater 
decrease in the older subjects. He also found that the increase in blood 
sugar level after maximal exercise was much greater in young adults 
than in the aged subjects. The maximum work output was also signi- 
ficantly lower in the old subjects, but on the average, subjects between 
the ages of 17 and 71 performed moderate work with about equal 
mechanical efficiency. However, in exhausting work there was a grad- 
ual decline in the maximum capacity for supplying energy aerobically 
with advancing age. Thus, there is a gradual narrowing of the margin 
of reserve in excess of the requirements of everyday life. It was found 
that the mechanisms for supplying and utilizing oxygen in exhausting 
work were only about 50 per cent as effective in a man of 75 as in a 
boy of 17. The old man was less efficient in supplying blood to active 
tissues, in saturating the blood with oxygen in the lungs, and in the 
utilization of oxygen by the tissues. Men between the ages of 30 and 40 
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years bring into play the lactic acid mechanism for contracting an 
oxygen debt to a greater extent than do the older subjects. The old 
men did not liberate sugar from the liver so freely as did young men 
when placed under severe physical stress. Thus, there are ways in which 
the adaptive mechanisms in the older subject showed impairment. 

Observations on the cardiovascular response to exercise in a single 
subject from the sth to 8th decade have been reported by Dawson and 
Hellebrandt.** These observations indicated that while the maximum 
working capacity decreased steadily, being about 50 per cent at 71 
years of what it had been at 41 years, the circulatory reaction during 
maximal performance was much the same at each age. Unfortunately, 
no metabolic or respiratory observations were included in this study. 
It should also be pointed out that the results can scarcely be applied to 
older individuals in general since the subject under observation under- 
went rigorous training programs and continued to be more active physi- 
cally than do most people of this age. Nevertheless, there are some 
indications from this work that appropriate regimes of graded exercise 
and diet may preserve failing physiological functions in older people. 

Simonson** has recently reviewed the literature on strength and 
work capacity of older men. Observations reviewed show that the age 
decrement in muscle strength has diminished over the past hundred 
years. For instance, Quetelet in 1836 found that the maximum strength 
of the back muscles in Beigian males was attained as a short peak at 
the age of 27 years, after which at the age of 30-35 years it dropped 
to 94 per cent of the peak strength. At 40-45 muscle strength had 
dropped to 89 per cent, and at the age of 50 years it was only 82 per 
cent of the performance at age 27. In 1921 a comparable investigation 
was carried out by Rejs on Dutch males. In this study the maximum 
strength was maintained until the age of 37 years. At the age of 40 to 
45 years it was still 96 per cent of the maximum, and at the age of 50 
years it had only dropped to 92 per cent. Thus, with increased life 
expectancy, from about 35 to 55 years over this period of time (1836- 
1921), there was also a better maintenance of muscle strength. 


CARBOHYDRATE METABOLISM 


Numerous studies have shown that when glucose is administered 
orally to older subjects, the maximum rise in blood sugar level is greater; 
and the return to normal requires longer than the usual 24 hours. 
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Marshall** reported, for example, that 40 per cent of normal subjects 
above the age of 65 showed curves of this kind, while less than 14 per 
cent showed normal curves, that is, curves with a sharp rise during the 
first half hour from levels of 80 or 100 mg. per 100 cc. to 130 or 150 
mg. per 100 cc. followed by a gradual return to normal levels within 
2 to 2% hours. John** also found only 14 per cent of normal curves in 
old people as compared with 82 per cent normal ones in children. 

Hofstatter, Sonnenberg, and Kountz** performed oral glucose toler- 
ance tests on 154 subjects within the age range of 50 to 86 years. On 
forty of these patients, who had apparently remained in about the same 
state of health, the oral sugar tolerance test was repeated after a period 
of several months to two years. Only 8.3 per cent of the patients 
showed normal curves, while only 5.7 per cent showed frankly diabetic. 
types of curves. Curves showing delayed returns to normal and delayed 
rises accounted for over 80 per cent of the cases. Of the forty duplicate 
curves 50 per cent changed in type, the chief being an increase in the 
direction of delayed returns. The authors concluded that with progres- 
sing age over a two-year period, there is a gradual lowering of the 
carbohydrate tolerance but that there was no evidence of impairment 
of the carbohydrate metabolism in aging individuals to a degree that 
could be considered diabetic. 

All of the studies mentioned before illustrate a diminution in carbo- 
hydrate tolerance in older people. The results, however, must be in- 
terpreted with considerable caution, since it has been shown that re- 
peated glucose tolerance tests on the same individual may yield curves 
of quite different characteristics. Horvath et al.** have illustrated this 
variation in type of curves in the same subject. In one subject 11 
consecutive oral glucose tolerance tests were carried out on successive 
days. Curves ranging from normal to delayed rise and delayed recovery 
were all observed in this subject. The authors believe that because of 
this variability, it is practically impossible to judge the degree of im- 
pairment of carbohydrate metabolism in aged individuals. 

Since part of the variability in the oral glucose tolerance tests may 
be attributed to differences in rates of absorption of the administered 
glucose, a study of the intravenous glucose tolerance test in older people 
has been instituted in our laboratory at the Baltimore City Hospitals. | 
In this study arterial blood samples drawn at ten-minute intervals fol- 
lowing the intravenous administration of 25 grams of glucose have been 
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analyzed. From these data a mathematical expression for the rate of 
disappearance of glucose from the blood has been calculated.*® Estimates 
of the reliability of this “elimination coefficient” lead us to believe that 
there are physiological changes, which alter the rate of disappearance 
of glucose from the circulating blood from day to day. Preliminary 
results indicate that in some aged males this recovery coefficient is not 
significantly lower than in middle-aged subjects. We have not yet tested 
a sufficiently large number of aged subjects to specify with certainty 
the average age changes. Obviously, it will be necessary to investigate 
the physiological factors which are important in producing these day 
to day variations in the recovery coefficient. 


Liew METABOLISM 


Our knowledge of the effects of aging on fat and lipid metabolism 
is most unsatisfactory. Page and his co-workers* found no significant 
changes in blood lipids with age. Kountz et al.** determined blood cho- 
lesterol levels of 212 patients from 40 to 85 years of age at the St. 
Louis City Infirmary. An insignificant rise in cholesterol level of the 
men was observed between the ages of 50 and 80 with a slight drop 
after 80. The women showed a fairly constant level up to 70 years of 
age and after 70 a moderate decline. Male patients had a lower average 
blood cholesterol level than did the female patients of the same age. 
There was a general tendency in the women for elevation of blood 
cholesterol to accompany lowering of the basal metabolic rate, whereas 
among male patients this relationship did not hold. Among 21 male 
patients with coronary sclerosis the average blood cholesterol level was 
not different from that of other male patients of the same age. Thus, 
the authors agree with previous observations summarized by Page* 
that one must consider factors other than increased blood cholesterol 
level to explain the genesis of atherosclerosis in the elderly patient. 

This lack of relationship between age and blood levels of lipids and 
cholesterol cannot be taken to mean there are no changes in lipid 
metabolism with age. The increased deposition of cholesterol in arterial 
walls,*****° cornea of the eye, and other soft tissues'*:*"** well illus- 
strates the importance of considering local changes in arteries and soft 
tissues which make it possible for such deposition to occur. Since 
atherosclerosis can develop in the absence of hypercholesterolemia, 
studies on tissue metabolism must be made before we can understand 
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the true mechanism of the development of arteriosclerosis. 

Some investigators believe that a reduction in the dietary intake 
of lipids, particularly cholesterol, has a beneficial influence on arterial 
disease. While such investigations are of great importance, carefully 
controlled studies in which each element of the diet is evaluated have 
not yet been made. 

Studies on lipid metabolism suffer from certain limitations. First of 
these is the unreliability of analytical methods for isolation and deter- 
mination of specific lipid components either in blood or tissues. 
Secondly, tests to determine the way in which various lipid components 
of the diet are utilized, are still lacking. The use of various isotopes in 
studies of lipid metabolism has greatly advanced our knowledge within 
recent years. However, most of this work has been limited to animal 
experiments; and we still have no adequate information on individual 
differences among humans on the way in which fats and lipids are 
absorbed and utilized. Fruitful lines for future research include studies 
of the relationships of other substances such as choline, methionine, 
endocrines, etc., to the utilization of fats. 


ProTEIn METABOLISM 


According to studies of Benedict et al.,*® Leitch and Duckworth,* 
Sherman,* and Bricker et al.,*° a protein allowance of one gram per kg. 
of body weight per day is about 50 per cent higher than the amount 
of protein needed for the maintenance of nitrogen equilibrium in the 
normal adult on a mixed diet. Recent field studies on Army, Navy and 
Aviation personnel** ** *° showed that higher protein diets improved 
the physical condition in young adults even though laboratory tests 
failed to show much improvement in actual performance. In aged 
subjects low protein diets have been frequently suggested because of 
the hazard of increased fat deposition for longevity and also as a pro- 
tection against renal damage.* The work of Newburgh and Curtis,** 
however, indicated that protein is not necessarily harmful to the normal 
kidney but that the degree of renal injury depends mainly on the 
character of the protein ingested. The proportion of protein cuntained 
in the diet and the duration of ingestion had no significant effect on 
the kidneys. On the other hand, kidneys previously injured by nephro- 
toxic substances showed greater rates of degeneration when high pro- 
tein diets were ingested by the animal than when low protein diets were 
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fed. Although starvation has been shown by McCay**** to increase 
the life span of rats, no significant change in longevity was found when 
the protein level of the diet was varied between 8 and 30 per cent of 
the total caloric intake. There is, therefore, good reason at present 
to question the advisability of restricting protein intake in older people 
provided no evidence of kidney damage is present.* 

A few studies on nitrogen balance in elderly individuals have been 
reported on single subjects. Strieck*® found no increased nitrogen excre- 
tion after heavy labor in a 70-year-old man, who had been living for 
years on a diet containing 30 grams of protein per day. Fenger”’ ob- 
served a woman over a period of 15 years, who had been maintained 
in nitrogen balance and a good state of nutrition on a protein intake 
of 1.9 to 2.2 grams per kg. of body weight per day. Kouch found five 
elderly men in nitrogen equilibrium, who had received 1.6 grams of 
protein per kg. of body weight per day. These studies do not give ade- 
quate information, first, because the number of subjects studied were 
too few and second, the diet offered was either not a normally balanced 
one or the protein intakes were 50 to 100 per cent higher than the 
amount recommended at present. The atrophy of body tissue in many 
aged individuals suggests that their protein metabolism may be disturbed. 

Kountz, Hofstatter and Ackermann” have recently reported a study 
on nitrogen balance in twenty-seven elderly patients. The protein in- 
take in these patients varied from 1 to 2 grams of protein per kg. of 
body weight per day. Of these patients, 40.8 per cent, or eleven patients, 
were in negative nitrogen balance. Eight were in equilibrium, while 
eight others tended to retain nitrogen and were in a positive balance. 
A protein intake of 1.0 to 1.2 grams per kg. of body weight per day 
was insufficient to maintain positive nitrogen balances in five out of 
six elderly subjects. These findings suggest that the protein requirement 
of the aged is higher than usually assumed and certainly is higher than 
the accepted standard allowance of 1 gram per kg. of body weight per 
day. The authors believe that poor food habits, incomplete absorption, 
and metabolic changes are all factors in the negative nitrogen balances. 

Although such studies of total nitrogen balance are of value in decid- 
ing upon dietary regimes for older people, additional studies on the 


* Previous studies from our laboratory have indicated a reduction in kidney function in elderly 
subjects (Shock, N. W., Geriatrics, 1946, 1:232) even in the absence of clinical signs of kidney 
disease. We are not yet able to say with certainty whether this reduction in kidney function 
indicates true kidney injury or whether it indicates only a reduction in kidney blood flow. 
If it can be shown that kidney damage of some degree exists in all elderly people, it may be 
wise to reduce, or at least select, the protein intake in the elderly. 
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utilization of various amino acids and other protein components are 
clearly needed if we are to understand the effect of aging on protein 
metabolism as such. 


ELECTROLYTE METABOLISM 


The deposition of calcium in soft tissues such as arteries, cartilage, 
etc., which is observed in many old persons, may be regarded as evi- 
dence of failure of the regulation of calcium metabolism in old age. 
Regulation of calcium metabolism includes such diverse factors as func- 
tional activity of the parathyroid glands, dietary calcium, phosphate, 
and vitamin D intake, the degree of physical activity, the acidity or 
alkalinity of the gastrointestional tract, and others. It is little wonder, 
therefore, that our information about the effect of aging on calcium 
metabolism is so inadequate. Changes in calcium metabolism are even 
characteristics of aging in lower animals. Lansing**: ** has found that in 
rotifers, planaria and toads, calcium accumulates in the cell membranes 
of old organisms and that removal of the deposited calcium will increase 
longevity at least in the rotifer. In mammals the factors involved in the 
deposition of calcium in arterial walls and other soft tissues are much 
more complex. Histological studies of the parathyroid glands do not 
support the hypothesis that hypo or hyperfunction of these glands plays 
a significant part in the impairments of the aged. Blood calcium does 
not change systematically with age according to recent studies by 
Kirk and his co-workers™ although earlier studies®* have reported a 
decrease in serum calcium with age. The reputed decrease in the power 
of healing or repair of bones in old patients may be more closely re- 
lated to circulatory impairments than to actual impairments of calcium 
metabolism or decreased activity in the parathyroid glands. Here again, 
progress requires studies of conditions in the cells which determine the 
deposition of calcium. 

Although the daily requirements for calcium and other minerals 
has been extensively studied in growing children, our knowledge of the 
mineral requirements for aged individuals is extremely scanty. Kane 
and McCay® have clearly shown that in aged hamsters and rats the 
absorption of calcium is diminished. A higher calcium intake was re- 
quired in the old animals in order to prevent negative calcium balances. 
Owen” studied the calcium balance in ten ‘aged male subjects and con- 
cluded that deficiency of calcium in the diet was the cause of negative 
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calcium balance in the aged. Since aging may produce changes in 
absorption, it is quite probable that the requirements for calcium and 
other minerals are greater in older people than in those of middle age. 


Discussion 


From this brief summary of our knowledge about metabolism in 
old age, it is clear that there are a great many more questions in this area 
than there are answers. This problem must be attacked by biochemists, 
physiologists, and clinicians. Biochemists must further elucidate the 
effects of aging on cellular metabolism and exchange. It is important to 
know whether the enzyme systems and the pathways of utilization are 
the same in old tissues as in young ones. Rather than await the results 
of research in this area, it is important that physiologists examine the 
total physiological response of the organism to various food substances. 
Such a program will require not only estimates of the total oxygen 
consumption but also the ways in which specific materials are utilized 
by older organisms. The absorption, utilization and excretion of carbo- 
hydrates, fats, proteins, and minerals as well as the effects of vitamins 
and other accessory food substances on these processes must be studied 
in collaboration with clinicians, physiologists, and nutritionists. It is 
probable that aging is more the result of failures in the coérdination 
between various physiological systems of the body than the result of 
impaired metabolism of individual cells. The application of physio- 
logical stress to the systems involved will be a most useful research 
technique since it is by such procedures that reserve capacities for 
performance can be evaluated. Such experiments will also provide in- 
formation as to supportive techniques, such as administration of vitamins 
and hormones, which may be applied to alleviate whatever impairments 
are the results of the aging process. 
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seseseseseseRNpROGENS have been used therapeutically in men in well 
over thirty seemingly unrelated clinical situations or 
A diseases. As with other new drugs, early exploration 
suggested areas of usefulness in which the claims of 
asesesese5ee Clinical benefit now seem unwarranted. There have also 
been relatively poorly explored areas where androgens now appear to 
be the only useful therapeutic agents. 
Our decision, as to whether or not androgens should be applied in 
a given situation, is based upon the answer to the following questions 
(Testosterone and its esters are to date the most accessible and economi- 
cal means of administering androgens, therefore “testosterone” is used 
hereafter): 
1) Does testosterone produce any effect in condition “X”’? 
2) Is the effect beneficial or ultimately or potentially harmful in 
condition “X’’? 
3) Can the effect be produced more physiologically by other means 
in condition “X”’? (i.e. is testosterone the drug of choice?). 
Using the answers to the above questions as the basis for classifica- 
tion, it has been noted that four groups of situations exist:— 


Cuart I—SITUATIONS IN WHICH TESTOSTERONE HAS BEEN APPLIED 








. Where it produces a Desirable Response and is the drug of choice. 
. Where it produces a Response but is Not the drug of choice. 
Where it elicits a response that is Highly Undesirable. 
Where it produces no specific beneficial effect. 








The clinical conditions to be discussed will be grouped according 
to the above classification. 


* Given October 16, 1947, before the Graduate Fortnight of The New York Academy of Medicine. 
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I. Struations In WuicH TESTOSTERONE Propuces A 
DestRABLE Response AnD Is THe Druc Or CHoIce 


All the clinical conditions meeting these requirements have the 
common denominator of being instances of primary testicular (Leydig 
cell) failure. Primary Leydig cell failure must be differentiated from 
Leydig cell failure secondary to failure of hypophyseal gonadotrophin 
secretion. In each type clinical and laboratory manifestations of an- 
drogen deficiency may be present to an equal degree. The two kinds 
of Leydig cell failure are difficult to separate by noting the history and 
physical examination only. Since each type requires different treat- 
ment and since each has a different ultimate prognosis, such separation 
is very necessary. Separation may be accomplished by each of three 
measures: 

1) Obtaining a testicular biopsy and examining it microscopically. 
In primary testicular failure defects involving the testis itself are often 
noted. In secondary testicular failure the lack of gonadotrophin stimu- 
lation is reflected by the microscopic anatomy of the testis. 

2) Determining the amount of urinary gonadotrophic hormones." In 
primary testicular failure they are elevated to from 10 to 20 times that 
of the average for normal men. In secondary testicular failure urinary 
gonadotrophins are found to be absent or far below levels obtained for 
normal men. (It should be noted that gonadotrophins may be elevated 
in primary seminiferous tubule failure?* without a concomitant andro- 
gen deficiency.) 

3) Applying the chorionic gonadotrophin therapeutic test.*° Chori- 
onic gonadrotrophins (synonyms: placental gonadotrophins, pregnancy 
urine extract, anterior-pituitary like hormone, prolan) are administered 
in 750 international units amounts intramuscularly twice daily for three 
weeks. If definite clinical improvement is noted, the case may be classi- 
fied as secondary testicular failure (hypogonadotrophic hypogonadism). 
If no detectable response is elicited, the case may be classified as primary 
testicular failure (hypergonadotrophic hypogonadism). 

These three differential diagnostic tests have their main application 
in classifying eanuchoids. Instances of the male climacteric are so rarely 
secondary to pituitary failure (unless accompanied by signs of total 
pituitary failure) that one need not apply any of the three tests for 
this specific purpose. 
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Having established the criteria for determining which patients suffer 
from primary testicular failure (hypergonadotrophic hypogonadism) *° 
we may restate that:— 


Cuart II—TESTOSTERONE PRODUCES A DESIRABLE RESPONSE 
AND IS THE DRUG OF CHOICE IN: 








Primary TeEsTicutarR FAILurEe 


A. Male Climacteric. 

B. Eunuchs. 

C. Functional Prepuberal Castrates. 
D. Klinefelter’s Syndrome. 


This includes: 








A. The male climacteric may have its onset at any time after pub- 
erty.° It is not, as is the menopause in women, a physiological accom- 
paniment of the ageing process. Very few, if any, bodily changes are 
noted, although in long standing cases one may find testicular atrophy, 
and slight involution of the secondary sex characteristics. The main 
symptoms are loss of sexual potency with or without loss of libido, 
nervousness, melancholia, crying spells, inability to concentrate, easy 
fatigability, weakness, paresthesias and occasionally hot flashes. 

The male climacteric must be differentiated from psychogenic im- 
potence and the anxiety tension states. This may be accomplished by 
finding in an instance of male climacteric 1) alterations in appearance 
of Leydig cells as revealed by studying a testicular biopsy, 2) finding 
a marked elevation in urinary gonadotrophins or 3) eliciting a positive 
response to the therapeutic test using testosterone.® 

This test consists of administering 25 mgm. of testosterone pro- 
pionate intramuscularly daily for two weeks. This should preferably 
be attended to by the nurse. Ideally the physician should not see the 
patient during the two-week injection period and for one week there- 
after. 


Cuart III—THERAPEUTIC TEST USING TESTOSTERONE 


PURPOSE: To differentiate the MALE CLIMACTERIC from PSYCHOGENIC 
IMPOTENCE and the ANXIETY TENSION STATES. 








REGIMEN: 1. Interview patient and list symptoms. 

Inject TESTOSTERONE PROPIONATE 

25 mgm. daily I. M. for 2 weeks. 

3. Allow 1 week to elapse (without R) 

. Interview patient and note change in symptomatology. 


nw 
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One of three responses will occur. If the patient has Leydig cell 
failure gradual alleviation of symptoms will be noticed. This will be 
continued for a day or two after injections are stopped. Sexual potency 
gradually returns. From the third to the seventh day after injections are 
stopped, symptoms and potentia tend to return toward the pretreatment 
level. The response is illustrated diagramatically:— 









Cuart IV 


THERAPEUTIC TEST USING TESTOSTERONE 


Test is POSITIVE for MALE CLIMACTERIC if 
following result is obtained: 
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If the patient does not suffer from Leydig cell failure, either no 
response is elicited or, in the case of coéperative neurotics, a sudden 
change may be noted at the beginning and at the cessation of therapy. 
The clinical course of the latter response is not in keeping with the 
known physiological events effected by testosterone. The latter two 
courses are illustrated diagramatically: (See Chart V.) 

After the diagnosis of male climacteric has been firmly established by 
finding a) testicular damage or b) elevated urinary gonadotrophins or 
Cc) positive response to the therapeutic test using testosterone, we have 
treated our patients by administering testosterone propionate in oil in- 
tramuscularly or by implanting pellets of unconjugated testosterone.* 








© Testosterone propionate (Oreton) and testosterone pellets (Oreton-F) have been kindly supplied 
us by Dr. Edward Henderson, medical director, Schering Corporation, Bloomfield, N. J. 
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Cuart V 


THERAPEUTIC TEST USING TESTOSTERONE 


Test is NEGATIVE for MALE CLIMACTERIC ‘ff 
following result is obtained: 
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In the usual case injecting 25 mgm. of testosterone propionate three 
times weekly suffices. However, the amount needed varies considerably 
among patients and is usually determined by trial and error. The re- 
sponse to 25 mgm. given 4 times per week for 4 weeks, withholding 
treatment and the subsequent response to 25 mgm. thrice weekly is 
illustrated in Chart VI:— 

More usually, as soon as the diagnosis is made, we implant testos- 
terone pellets weighing 75 mgm. each. Three are placed into the sub- 
cutaneous tissue of the anterior-medial aspect of each mid-thigh. The 
6 (occasionally 8) pellets exert their effects for 6 to 8 months during 
which time symptoms are usually minimal or absent and sexual potency 
is restored to normal. 

B. Eunuchs present no problem in diagnosis and the choice of treat- 
ment is obviously replacement therapy with testosterone. Persons cas- 
trated after sexual maturation has been attained may appear not to 
require treatment. However, to alleviate climacteric symptoms, restore 
sexual vigor and produce a positive nitrogen balance in order to main- 
tain muscle mass and strength, prevent osteoporosis, etc., therapy seems 
eminently worthwhile. 





Cuart VI 


CTERIC 





15 17 





3 9 21 
PROPIONATE 75 MGM / WEEK 


URINE GONADOTROPIN 
NORMAL 





SEXUAL POTENCY 





Note, although initial ovarian stimulation in the assay rats seems minimal, 
values of gonadotrophins obtained for normal males during this period, by 
the methods used, were sufficiently low so that this represents approxi- 
mately a sixfold increase over normal. Note that after the first period of 
treatment gonadotrophins rise above pretreatment levels. This is most likely 
associated with temporary damage to the seminiferous tubules, caused by 
testosterone. 


A B Cc 


Chart VII. Schematic drawing representing the body configuration, 
genital and breast development of the three groups comprising the syn- 
drome. Note the absence of gynecomastia and the under-developed genitalia 
in the eunuchoidal group (A); the greater development of each in the 
moderately eunuchoidal group (B); the association of marked gynecomastia 
and normal genital development in the non-eunuchoidal group (C). (Re- 
printed from Journal of Clinical Endocrinology, vol. 5, No, 1, 1945. p. 1.) 
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C. Functional prepuberal castrates are individuals who suffer from 
testicular agenesis or who have suffered irreparable testicular damage 
before the onset of puberty.’ Consequently they exhibit the signs and 
symptoms classically associated with eunuchism and sexual infantilism. 
Testicular biopsy often reveals that the only scrotal contents are Wolf- 
fian duct derivatives, or may reveal the remnants of the damaged testis. 
In either instance primary testicular atrophy may safely be assumed. 
Gonadotrophins are markedly elevated and the chorionic gonadotrophic 
therapeutic test is negative. One of the three tests must be performed 
prior to instituting substitutional therapy in order to rule out secondary 
testicular failure. Our treatment for such patients consists of either ad- 
ministering 25 mgm. of testosterone propionate daily or implanting 
eight 75 mgm. testosterone pellets. This treatment is extended until 
full sexual maturation is attained (usually in 2-3 years). Thereafter 
maintenance therapy is given. The amount is judged by trial and error. 

D. Puberal seminiferous tubule failure. (Klinefelter’s syndrome)*™* 
is one of the most common forms of hypogonadism and unfortunately 
(for the patient) is least often recognized. Its main features are onset 
during puberty (which allows for at least some degree of sexual ma- 
turation in all cases), azoospermia, atrophic testes and elevated gonado- 
trophins. The main feature, invariably present, is the involvement of 
the seminiferous tubules. These may be completely hyalinized, contain 
Sertoli cells only, or, if biopsy is performed during the early stages of 
the condition, may contain some germinal elements. We regard the 
syndrome as a developmental disease having its onset just at puberty. The 
Leydig cells seem to be involved to some degree in all instances. The 
involvement at any given age may vary from almost normal (in the 
cases described by Klinefelter, Reifenstein and Albright*) to almost 
complete absence of function in some of our own cases.**'° The onset 
at puberty coupled with the variable amount of androgen deficiency 
allows for a wide variation in clinical appearance, i.e. from eunuchoidal 
to non-eunuchoidal. (Chart VII). An example of the moderately eunu- 
choidal group is shown in Figures 1 and 2 in order to illustrate how 
very little in the way of physical signs is exhibited by the largest share 
of cases. 

Recognition of the syndrome is important because of the great good 
that can be accomplished by treatment with testosterone. The patient 
suffering from this syndrome is psychically and physically below normal. 
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Fic. 1 Fic. 2 


Puberal seminiferous tubule failure, age 22, (Case number 10 Heller & Nelson’), 
moderately eunuchoidal group. Note less than normal scrotal contents, slight gynecomastia, 
slightly eunuchoidal skeletal structure and lack of muscular development. 


With treatment not only do the secondary sex characteristics achieve 
a normal level (if they were not so originally) but muscle mass, strength, 
endurance and vitality are all increased. With the physical changes most 
amazing psychic and personality changes are also achieved. The usual 
outcome is an improvement in the individual’s usefulness to himself and 
to society. Treatment is the same as outlined for the functional pre- 
puberal castrates. Neither the gynecomastia, when present, nor the 
azoospermia respond in any favorable manner. 


Il. Srrvuations In Wuicu TEstTosTERONE PrRopucEs 
A Response But Is Nor Tue Druc Or Cuolce 


In secondary testicular failure (the hypogonadotrophic syndromes) 
the Leydig cells fail to produce androgen because they lack pituitary 
stimulation. They are, however, perfectly capable of producing andro- 
gen if the proper gonadotrophin is administered. At the same time the 
individual will respond to androgen administration to the same extent 
that individuals belonging to the primary testicular failure group do. 
Stimulatory therapy using gonadotrophins rather than substitutional 
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therapy using testosterone is the treatment of choice, since in at least 
one of the syndromes belonging to the hypogonadotrophic group (the 
hypogonadotrophic eunuchoids) the patient’s own pituitary will later 
often elaborate enough gonadotrophin to maintain the effects initiated 
by treatment. Administering testosterone apparently decreases the in- 
dividual’s chance of ever being weaned from substitutional therapy.” 
These cases of secondary testicular failure are recognized from a) the 
testicular biopsy, which exhibits an essentially prepuberal appearance 
(except in Simmonds’ disease), b) lower than normal gonadotrophins 
and c) a positive response to the chorionic gonadotrophin therapeutic 
test. 


Cuart VIII—TESTOSTERONE PRODUCES A RESPONSE 
BUT IS NOT THE DRUG OF CHOICE IN: 








Seconpary TESTICULAR FAILURE 
This includes: A. Panhypopituitary Dwarfism. 
B. Panhypopituitary Cachexia (Simmonds’ Disease). 


C. Hypogonadotrophic Eunuchoidism. 








a & b) Panhypopituitarism (Simmonds’ disease or pituitary dwarf- 
ism) is easily recognized. The treatment of choice is stimulatory therapy 
using chorionic gonadotrophin as the interstitial cell stimulator. 

c) Hypogonadotrophic eunuchoidism is differentiated from other 
forms of eunuchoidism by the criteria set forth above. Cases respond 
well to administration of chorionic gonadotrophin plus anterior pitu- 
itary extracts rich in follicle stimulating hormone. The combined treat- 
ment usually initiates spermatogenesis." 


Ill. Struations In Wuicu TEsTOSTERONES PRODUCES 
A Response TuHat Is HigHty UNDESIRABLE 


The prepuberal boy will respond by early sexual maturation to the 
injudicious administration of testosterone at any age. This is considered 
to be undesirable medically (may produce eventual short stature and 
possibly sterility), socially (may precipitate behavorial problems) and 
psychologically (may result in psychic disturbances in both child and 
parents) and is unnecessary treatment in the first place since prepuberal 
boys are, by definition, lacking in androgens until the onset of puberty © 
and so cannot be regarded as hypogonadal. Moreover, prepuberal boys 
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may be classed (if at all) as lacking primarily in gonadotrophins'— 
thus hypogonadotrophic. 


Cuart IX 
TESTOSTERONE PRODUCES NO SPECIFIC BENEFICIAL EFFECT IN: 








A. Sterility. D. Angina Pectoris. 
B. Psychogenic Impotence. E. Cryptorchidism. 
C. Homosexuality. F. Benign Prostatic Hypertrophy. 








IV. Srirvations In Wuicu TESTOSTERONE 
Propuces No Speciric BENEFICIAL EFFEectT 


A. Male sterility. Endogenous testosterone maintains the semini- 
ferous tubules just as it maintains other elements of the male reproduc- 
tive system. Thus it might be expected that exogenous testosterone 
would be beneficial in cases of male sterility. However, Heckel"* and 
McCullagh and McGurl’® demonstrated that exogenous testosterone 
depresses the sperm count of normal men. When therapy was stopped, 
sperm counts returned to pretreatment level. However, it is quite pos- 
sible that permanent damage may result from such treatment as tes- 
ticular biopsies obtained after cessation of treatment revealed definite 
histological evidence of damage to the seminiferous tubules.'* "* Testost- 
erone propionate, 25 mgm. 5 times a week will depress urinary gonado- 
trophin titers.“*'' This alone could account for the adverse effect of 
exogenous testosterone on spermatogenesis. 

At present it would appear unwise to treat cases of male sterility 
with testosterone. It is theoretically possible that testosterone may prove 
beneficial in cases of male sterility in which the only defect is primary 
failure of Leydig cell secretion. 

B. Psychogenic impotence. Impotence may be either psychogenic or 
hormonal in origin. It has been clearly demonstrated that testosterone 
will correct the impotence associated with primary Leydig cell failure 
of the male climacteric.® It has also been claimed that testosterone is 
beneficial in psychogenic impotence.’*'*!* Carmichael, Noonan and 
Kenyon,"® however, demonstrated that cases of psychogenic impotence 
who responded: to testosterone, responded just as well to placebo oil 
injections. It has also been found that psychoneurotic men could not 
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distinguish between testosterone and placebo oil injections whereas 
men with impotence due to hormonal deficiencies (male climacterics) 
could.® 

Since testosterone from an exogenous source depresses spermato- 
genesis in men whose testicular function is normal, its use in psycho- 
genic impotence would not only fail to correct the impotence but might 
render the subject sterile, at least temporarily. 

The therapeutic test using testosterone will, as outlined in the section 
on the male climacteric, make the distinction between psychogenic im- 
potence and the impotence due to androgen deficiency. Testicular bi- 
opsies and urinary gonadotrophin assays will do the same. 

C. Homosexuality. There are two components to the sexual impulse 
direction and “drive” or intensity. Homosexuality is a disorder charac 
terized by abnormal direction of the sexual impulse. A widely held be- 
lief is that homosexuality is due to an endocrine imbalance, 1.e., that 
the direction of the human sexual impulse is controlled by hormones. 

Evidence against such a theory is four-fold. (1) Homosexuals are 
indistinguishable physically from individuals with normal direction of 
their sex impulse.*° (2) Homosexuality is no greater in hypogonadism 
than for the population as a whole. One of us (CGH) encountered 
only one instance of passive homosexuality in over 300 eunuchoids. (3) 
Administering estrogens in large doses is now common practice in men 
suffering from carcinoma of the prostate gland. To date, no report 
has been forthcoming (to our knowledge) that such treatment has re- 
sulted in alteration of the direction of the sex impulse. Conversely, 
testosterone has been administered to women for a variety of reasons. 
Here also there has been no report of alteration of the direction of sex 
interest. (4) Friedgood*' has administered large doses of testosterone 
to male homosexuals. The result has been an increase in sex drive, con- 
tinuing in the same abnormal direction. 

Thus, administering testosterone to male homosexuals increases the 
sex drive in the same abnormal direction, i.e. makes the condition worse. 
The situation has been summarized by Beach,”*** who states, “As far 
as human beings are concerned . . . although the strength of the sexual 
drive may be altered by an increase or decrease in the level of gonadal 
hormone, the direction or manner of expression of sexual excitement 
is governed primarily by experimental factors.” 

D. Angina pectoris, a disease which by definition is subjective in 
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nature, which follows a fortuitous course of spontaneous exacerbations 
and remissions and for which no handy remedy has been discovered, 
is a natural target for any “new drug.” Testosterone has been no ex- 
ception, for it too has been repeatedly used in the treatment of angina 
pectoris. Only after extravagant claims had been made for several years 
did investigators come forward with controlled observations which 
clearly indicate that testosterone therapy has little if any value in the 
treatment of angina pectoris. (Riseman,** S. Levine and Likoff,?*> Hurx- 
thal and Wilson** and E. Levine and Sellers**). It has not been demon- 
strated that androgen deficiency accompanies angina pectoris, no specific 
effect of testosterone upon coronary vessels has been demonstrated, and 
angina pectoris has not been a consistent (and only rarely an incidental) 
finding in androgen deficiency. We conclude there is neither a physio- 
logical nor an empirical basis for the use of testosterone in angina 
pectoris. 

E. Cryptorchidism. To an impartial observer reviewing the literature 
certain facts emerge concerning cryptorchidism: 1) Spontaneous de- 
scent of the testes occurs in the majority of cryptorchid preadolescent 
boys at the time of puberty.”*** 

2) Administering testosterone, chorionic gonadotrophins or pregnant 
mare serum, singly or in combination, before the onset of puberty will 
provoke testicular descent in approximately the same percentage of 
cases as have spontaneous descent.***” 

3) No alterations in gross or microscopic appearance of the testis 
are evoked by allowing the testis to remain in an ectopic position from 
birth to puberty as clearly demonstrated by Rea,***' Pace, and 
Wangensteen.* 

4) After puberty marked permanent damage results to the testis if 
it is allowed to remain in the ectopic position (Rea****). 

For these reasons, we suggest the following program for the treat- 
ment of cryptorchidism: Do not intervene during the prepuberal period, 
either by use of hormones (which accelerate maturation) or by surgery 
(the chances of eventual successful testicular function are remote be- 
cause the scrotum and spermatic cords are sufficiently undeveloped to 
cause the testis to remain high in the scrotum and later undergo involu- 
tion). Wait for the first signs of puberty (development of the phallus, 
scrotum and pubic hair). If puberty appears and still no spontaneous 
descent occurs, it may be safely assumed that the testis is mechanically 
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retained. Surgery, designed to fix the testis in the scrotum, is now 
indicated. Any further delay may result in testicular damage. No 
hormonal therapy is deemed necessary in the uncomplicated case. 

F. Benign Prostatic Hypertrophy. A few years ago it was fashion- 
able to administer testosterone to patients suffering from benign pros- 
tatic hypertrophy. Improvement in symptomatology was often noted. 
The improvement was due to either 1) increase in bladder tonus***? 
or 2) the psychotherapeutic effect** **.°° or 3) the normal course of 
the disease, which is often characterized by exacerbations and remis- 
sions.” However, testosterone does not produce a reduction in size 
of the prostate.® 

The symptomatic improvement which attends the use of testosterone 
may be harmful in that necessary surgical measures are postponed, 
often to such a time as to render the operation a greater risk. Further- 
more, assuming that a definite percentage of cases diagnosed as benign 
prostatic hypertrophy will actually have or have in addition carcinoma 
of the prostate, the possible harmful effects of testosterone administra- 
tion become obvious. 

Types of androgen therapy are tabulated below as to method of 
administration, chemical form, approximate dose and cost per unit effect. 


Cuart X 
TYPES OF ANDROGEN THERAPY. 











Route of C. d Average Relative Cost 
Administration san tee Dosage Per Unit Effect 





| 
aa 


Injection Testosterone 25 mgm. 
Intramuscularly Propionate 3-5 X weekly o> 








5-40 mgm(?) 


Inunction Testosterone daily 








Methyl 25-100 mgm. 
Testosterone daily 








Methyl 20-80 mgm. 
Sublingual Testosterone daily 








6-75 mgm. 
Pellet Implant Testosterone pellets q. 
Subcutaneous 6-8 months 
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As has been discussed in the body of the paper, we prefer pellet 
implantation to other forms of therapy. This preference is based on 
cost per unit effect and relative ease of administration. Effective oral 
therapy would be the treatment of choice if it were more economical 
per unit effect. 

The use of testosterone to produce a positive nitrogen balance 
should be mentioned. In certain disorders not associated with hypo- 
gonadism a negative nitrogen balance may be converted to positive by 
the use of testosterone plus adequate caloric and protein intake. Dis- 
cussion of this problem is not within the scope of this communication. 


We wish to thank the Schering Corporation for their generous support. 
The biopsy studies were performed by our co-worker, Dr. Warren O. Nelson, University of 
Iowa College of Medicine, Iowa City. 
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The Etiology and Epidemiology of Infectious Hepatitis 
W. Pau Havens, Jr. 


The Jefferson Medical College, Philadelphia 


The virus of infectious hepatitis has not 
been “isolated” in the sense that it has been 
adapted to laboratory animals, although its 
effects have been studied in human volun- 
teers. Thus it was shown that the virus is 
filtrable through a Seitz E K filter, resistant 
to heating to 56° C. for at least 30 minutes, 
and transmissible to man in serial passage 
by feeding or parenteral inoculation of in- 
fectious material.’ It is present in the blood 
and feces of patients during the acute phase 
of disease,*,*,* but the infectivity of either 
urine or nasopharyngeal washings has not 
been definitely established.* 

Limited experiments employing a small 
number of volunteers have been performed 
to investigate the period of infectivity of 
patients with infectious hepatitis. Virus has 
been demonstrated in the blood 3 days 
before the appearance of symptoms,® and as 
late as 8 days after the appearance of 
jaundice! A single attempt to detect virus 
in the blood of a patient half-way through 
the incubation period, as well as attempts 
to recover virus 1 month after onset and 
3 months after disappearance of jaundice, 


has been unsuccessful.’,5 Neefe et al.’ at- 
tempted to determine the infectivity of pa- 
tients complaining of symptoms many 
months after the onset of hepatitis. Speci- 
mens of liver, obtained by biopsy, blood and 
feces from such patients were fed to human 
volunteers who developed vague symptoms 
and slight alterations of tests of liver func- 
tion. The results were not clearly defined, 
and it is still not known whether such pa- 
tients harbor virus or may be regarded as 
infectious. 


EPIDEMIOLOGY 


Geographic Distribution. Infectious hepa- 
titis is widespread, and certain areas have 
a record of high frequency of this disease; 
in particular, the Mediterranean littoral has 
had a prolonged and high endemicity with 
severe epidemics among foreign troops sta- 
tioned there during World Wars I and II. 

Season, Although infectious hepatitis may 
occur at any time throughout the year, the 
prevalence of epidemics in the autumn and 
early winter months, with a decline in inci- 
dence during the spring and summer, has 
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been observed in many different parts of 
the world. The exact explanation of this 
seasonal trend is not known. 

Age. Infectious hepatitis is primarily a 
disease of childhood, although it may occur 
at any age, as indicated by the high inci- 
dence of disease among troops in certain 
areas during World War II. After 30, re- 
sistance to the disease apparently in- 
creases.” 

Epidemics. Both explosive and slowly de- 
veloping epidemics may occur, although the 
latter are more usual, Family and institu- 
tional outbreaks are common. No exact rea- 
son for the frequently observed wide scatter 
of cases is known, although the possibility 
of sub-clinical cases or carriers of virus 
being operative in the dissemination of the 
disease must be considered. 

The spread of hepatitis among troops has 
presented some interesting problems, and 
variations in, incidence of disease in differ. 
ent groups have been recorded. The bulk 
of evidence at present suggests that varia- 
tions in pathogenicity and infectivity of 
virus, as well as certain environmental fac- 
tors such as crowding and poor sanitation 
in areas where the disease is highly endemic, 
may be important conditions in determining 
such differences.” 

Transmission of Disease. The exact way or 
ways in which infectious hepatitis spreads 
are not known, although it is not unlikely 
that some form of person-to-person contact 
is frequently operative. It is probable that 
more than one manner of spread are pos- 
sible, and that epidemics result from dif- 
ferent combinations of various factors. 

The fact that virus is in the feces and 
may be transmitted experimentally by feed- 
ing such infectious materials suggests that 
the intestinal-oral route may be of consid- 
erable importance. Water-borne outbreaks,” 
as well as food® and milk-borne™ epidemics, 
have been described, although there is no 
evidence that these are the most, common 
modes of spread. 

Transmission by the respiratory route and 
by insects, either by biting or by mechani- 
cal transfer of infectious materials, has 
been suggested, although conclusive proof 
is lacking. In addition, the possibility of 
artificial transmission of infectious hepatitis 


merits consideration. The presence of hepa- 
titis virus in the blood of patients and its 
high degree of infectivity by parenteral 
inoculation suggest the possibility that it 
may be transmitted accidentally more often 
than is recognized. 

Immunity. The lack of a specific serologic 
test or of a susceptible laboratory animal 
makes it difficult to evaluate the immune 
response in man. The mildness of the dis- 
ease in childhood suggests the possibility 
that infection is far more common than 
usually suspected, resulting in subsequent 
relative immunity. In support of this con- 
cept is the original observation of Stokes 
and Neefe,” later corroborated by others,” 
of the prophylactic value of normal adult 
human gamma globulin in this disease. In 
addition, it has been shown that human 
volunteers, convalescent from experimentally 
induced infectious hepatitis, are immune 
when reinoculated with an homologous 
strain.”,” 

Second attacks do occur and it is possible 
that immunity may not be solid; also, it is 
not yet determined whether such second 
attacks represent actual reinfection with 
the same virus or infection with another 
strain of virus. 
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The Pathology of Epidemic Hepatitis 


Tracy B. MALtory 
Massachusetts General Hospital 


The following paper is based upon col- 
laborative studies with Colonel Balduin 
Lucke of 296 autopsies from the files of the 
Army Institute of Pathology and of 160 
biopsies from 137 cases of non-fatal hepa- 
titis studied with Major T. H. Horan and 
Captain Leslie Jolliffe at the 15th Medical 
General Laboratory in Italy. Common to 
both fatal and non-fatal examples of the 
disease are inflammatory and degenerative 
changes in the liver. The former are es- 
sentially similar in all forms of the disease, 
but the latter differ markedly in the two 
groups of material. 


The inflammatory process is evidenced by 
a conspicuous. periportal and a relatively 
inconspicuous but constant intralobular in- 
filtration of mononuclear cells. In the peri- 
portal connective tissues these consist of 
macrophages, lymphocytes, small numbers 
of eosinophiles and inconstant polymor- 
phonuclear neutrophiles. They show no par- 
ticular concentration about the biliary 
radicles. Within the lobule the infiltration 
is focal rather than diffuse and consists en- 
tirely of macrophages and swollen, occa- 
sionally proliferating Kupfer cells. 

The degenerative changes in the liver cells 
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in fatal hepatitis are characterized by mas- 
sive necrosis of a lytic type extending out- 
ward from the central vein to involve entire 
lobules or all but a few cells at the peri- 
phery of the lobule. This may develop 
with such rapidity that within two or three 
days of the onset of symptoms, even before 
clinical jaundice can develop, all liver cells 
in large areas will have completely disap- 
peared. In less fulminant cases surviving 
ten or more days active regeneration de- 
velops from surviving cells at the periphery 
of the lobule producing macroscopic nodules 
of regeneration and the picture which has 
been termed multiple nodular hyperplasia. 

The degenerative changes in non-fatal 
hepatitis are ordinarily entirely different 
in character. They consist of a coagulative 
necrosis of individual liver cells without 
obvious lobular orientation. The affected 
cells show first a deepening acidophilia and 
loss of granularity of the cytoplasm. They 
begin to shrink into a spherical shape, los- 
ing their attachments to adjacent cells and 
soon being extruded from the liver cord 
Into the space of Desse. Meanwhile the nuc- 
feus becomes pyknotic, eccentric and finally 
disappears. Phagocytes accumulate about 
the hyaline sphere and eventually digest it. 

The use of peritoneoscopic biopsy during 
an epidemic made it possible to study vari- 
ous stages of the disease in our volunteer 
patients. In cases studied during the pro- 
dromal period, active inflammatory and de- 
generative changes were already evident 
three to five days before the onset of jaun- 
dice and regeneration was already in 
progress as shown by numerous mitotic fig- 
ures. A group of subicteric cases was recog- 
nized in which clinical jaundice never de- 
veloped but daily serum bilirubin levels 


showed transient rises to levels of 1.5 to 2.0 
mgm. per cent. All but one of these showed 
typical changes, sometimes as severe as in 
the frankly jaundiced cases. Finally in a 
non-icteric group showing neither clinical 
nor chemical evidence of the slightest bili- 
rubin retention characteristics changes were 
found in several instances. The occurrence 
of non-icteric hepatitis was thereby histo- 
logically confirmed. 

It was also possible to study various 
phases of recovery and of delayed recov- 
ery. In the average case the liver had re- 
turned to a normal or nearly normal condi- 
tion three or four weeks from the onset of 
symptoms. Focal necrosis and intralobular 
inflammatory foci disappeared first, peripor- 
tal infiltration more slowly. In some cases 
of clinically normal convalescence, however, 
active liver cell necrosis was still present 
at this period, including subicteric cases 
which had never shown clinical jaundice. 

In cases of delayed recovery in which 
clinical symptoms or abnormal laboratory 
findings persisted weeks and months after 
the subsidence of jaundice histologic evi- 
dence of persistent activity was also usually 
obvious. One case still hospitalized for per- 
sistent symptoms two and one half years 
after his original attack showed active 
inflammation and fresh focal necroses in a 
recent biopsy and no significant change 
from a specimen secured one year ago. One 
final group of ten cases deserves mention. 
Clinically diagnosed chronic hepatitis with- 
out jaundice on the basis of persistent 
symptoms and palpable livers but without 
abnormal laboratory findings and with no 
history of an acute attack, the biopsies 
uniformly failed to show changes character- 
istic of hepatitis. 


(SECTION ON MICROBIOLOGY CONTINUED ON NEXT PAGE) 
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Infectious Hepatitis: Clinical Aspects 


Henry G. KUNKEL 
The Hospital of The Rockefeller Institute, New York 


One of the main problems confronting 
clinicians interested in infectious hepatitis 
is why certain patients with this disease 
develop chronic complications while the 
great majority of patients recover unevent- 
fully. The question is of particular impor- 
tance at the present time because the 
chronic complications of the tremendous 
number of cases that occurred during the 
recent World War are gradually becoming 
evident. 

The experience derived from a follow-up 
study of 400 Navy men who were admitted 
to the Rockefeller Hospital during 1944 and 
1945 with acute infectious hepatitis has 
brought out some of the factors involved 
in the transition between acute and chronic 
stages of the disease.1 At the end of two 
years, eight patients, or 2 per cent, showed 
definite evidence of impairment of liver 
function. 

The majority of these patients demon- 
strated an abnormal convalescence from the 
acute attack which pointed toward future 
complications. The most common abnormal- 
ity during convalescence was a relapse fol- 
lowing the first period of full activity. This 
was detected by a rise in bromsulfalein 
retention and a delayed rise in values for 
the thymol turbidity test. Symptoms were 
usually very mild and jaundice rarely re- 
turned. Following a return to bed rest all 
but two of these patients recovered entirely. 

The second type of abnormality during 
convalescence was persistent hyperbilirubi- 
nemia in the absence of other evidence of 
liver dysfunction. Two of these patients con- 
tinued to have marked symptoms referable 
to the liver associated with the bilirubin 
elevation two years later. 

The third group consisted of four pa- 
tients who failed to recover from the initial 
attack and demonstrated marked bromsul- 
falein retention and symptoms of fatigue 
and liver tenderness for the entire two-year 
period. Early clinical evidence of cirrhosis 
appeared in this group—numerous spider 


angiomata, depressed serum albumin levels 
and occasional edema. The four patients in 
this group showed an averave age of 32, 
while the average age of the 400 men was 
24 years. 

Sixty per cent of the total group of 400 
men showed some persistent symptoms dur- 
ing the two-year period of follow-up, but 
it was almost entirely in the group who 
demonstrated an abnormal convalescence 
that liver function tests remained impaired. 
The remainder, although reporting such 
complaints as fatigue, drowsiness, intoler- 
ance to alcohol, intolerance to fatty foods, 
liver tenderness and diarrhea, exhibited nor- 
mal liver function tests. Gradually, over 
the two-year period, these symptoms became 
less marked and most of the men recovered 
entirely. 

All of the 400 men will have to be fol- 
lowed for considerably more than two years 
to determine the eventual outcome of the 
disease. The complications described in this 
series are probably the minimal number that 
occur following infectious hepatitis. The 
percentage and severity of complications 
were undoubtedly greater among the service 
men who developed an acute attack under 
wartime conditions where adequate treat- 
ment was not immediately available. A sec- 
ond study has been concerned with five such 
men who were not seen during their acute 
attack but were admitted to the Rockefeller 
Hospital at a later period of their disease 
and who developed a clear-cut cirrhosis of 
the liver? Three of these men died and 
autopsy confirmed the clinical diagnosis. 

Some of the factors which played a role 
in the development of cirrhosis in these men 
were apparent. First, two of the men suf- 
fered relapses under wartime conditions 
which were inadequately treated. Second, 
two of the men were over 30 years of age. 
Third, two of the men had severe unrelated 
infections after the onset of infectious hepa- 
titis. In one case a streptococcus infection 
of the throat five days after the onset and, 
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in the other, diphtheria eight months after 
an uneventful recovery from acute hepatitis 
which brought on a severe recurrence of 
jaundice. 

The outstanding clinical feature of the 
cirrhosis in these men was the malignant 
character of the disease once edema and 
ascites appeared. Nutritional forms of ther- 
apy had almost no effect on the course of 
the disease in distinct contrast to their 
value in the alcoholic type of cirrhosis. 
Serum albumin .levels were extremely low 
and the injection of concentrated human 
serum albumin was of marked temporary 
benefit. However, this was purely replace- 
ment therapy and liver function did not 
improve. Uncontrollable bleeding from the 
mucous membranes was characteristic of 
the disease. 

The futility of treatment once cirrhosis 
developed serves to emphasize the impor- 
tance of therapeutic measures during the 
early stages of infectious hepatitis directed 


toward the prevention of complications. 
Each patient should have the benefit of 
bedrest and a high caloric, high protein, 
moderate fat diet during the acute stage 
of the disease. During convalescence the 
patients should be observed with serial liver 
function tests for possible relapses. Patients 
over 30 years of age and patients with 
concomitant infections should be_ treated 
with special care. 
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Discussion of Papers on Infectious Hepatitis 


Perrin H. Lone 


Johns Hopkins University School of Medicine 


I have been very much interested in the 
reports which have been made by the other 
speakers this evening upon the subject of 
Infectious Hepatitis. This disease, because 
of the long period of hospitalization required 
for its treatment, constituted one of our 
greatest medical problems in the North 
African and Mediterranean Theatres of Op- 
erations. From January 1, 1943, until June 
30, 1945, more than 36,000 instances of In- 
fectious Hepatitis were reported in troops 
in North Africa and Italy. 

As has already been pointed out, the dis- 
ease had a definite seasonal incidence be- 
ginning in both years in the late summer 
and reaching an epidemic peak either in 
November or December. In 1943, the high- 
est incidence of the disease was noted in 
the 15th Air Force which at that time was 
moving into new bases in southeastern Italy. 


The second highest incidence of infectious 
hepatitis in 1943 was observed in the fight- 
ing troops of the 5th Army. In 1944, the 
epidemic picture of this disease changed 
somewhat. In the base sections, the disease 
was not epidemic and it did not constitute 
much of a problem in the 15th Air Force. 
However, the disease was rampant in com- 
batant troops of the 5th Army and espe- 
cially in the troops of those divisions which 
had entered the theatre since the epidemic 
of 1943. I think it can be said without any 
question that this disease was a factor in 
preventing the hoped for break-through into 
the Po Valley in the fall of 1944. 

A consideration of the factors which 
might be involved in the epidemic spread 
of this disease in North Africa and Italy 
certainly points to the fact that the level 
of sanitation in the various large troop 
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units could be correlated with the incidence 
of this disease. As units became stationary 
and their level of sanitation improved, the 
incidence of the disease decreased. This 
conclusion seems to be indicated by the 
observation that in the fall of 1945 infec- 
tious hepatitis was not epidemic in Ameri- 
can Forces in Italy, despite the fact that 
most of the troops were newcomers to the 
Theatre. By that time sanitation was being 
maintained at a high ‘level. It is believed 
that one of the reasons why this disease 
was epidemic in the forward units of the 
5th Army in the fall of 1944 was the im- 
possibility, under fighting conditions, of 
maintaining any real sanitary measures. 
One cannot escape this conclusion from a 
study of the natural history of infectious 
hepatitis in our forces in North Africa and 
Italy. 

The aim of the Medical Corps in respect 
to the treatment of this disease was to get 
the men back to duty in condition so that 
they would continue on duty, in as short a 
time as possible. It was found that bed rest, 
coupled with a high protein, low fat diet 


containing fresh vegetables which was ac- 
ceptable to the patients, brought about the 
desired result. It might be stated at this 
point that lean beef and dried milk powder 
were found to be excellent and acceptable 
sources of protein. Another important fac- 
tor in returning these patients to duty was 
a period of physical rehabilitation. Patients 
convalescent from the disease and with es- 
sentially normal liver function as deter- 
mined by the bromsulfalein test, were given 
graded exercises over a period of ten days 
ending up with a day of fairly heavy exer- 
cise. If they went through this period with- 
out clinical or laboratory evidence of re- 
currence or relapse of the disease, then we 
felt quite sure that they would be able to 
go back to any type of duty which might 
be required of them. By putting our con- 
valescent patients through this course of 
exercise we were able to pick up those who 
would have suffered a relapse after they 
had returned to their units. This system of 
therapy and rehabilitation permitted the 
return to full duty of over 90 per cent of 
the patients who had infectious hepatitis. 





Abstracts of Further Discussion 


Dr. Sheila Sherlock (Postgraduate Medi- 
cal School of London, England) reported 
on aspiration liver biopsy study over the 
last five years of nine patients with cirrho- 
sis developing after infective hepatitis. In 
the acute phase disorganization of the 
reticulin frame-work of the hepatic lobule 
is essential for consequent cirrhosis. 

In three patients the liver lesion has re- 
mained well compensated. In two patients, 
seen soon after the acute illness, parenchy- 
mal damage was present. One of these has 
died of liver failure. In four patients hepa- 
tic fibrosis is prominent with associated 
portal hypertension. Two of these have died 
of gastrointestinal hemorrhage. 

Infective hepatitis seems an important 
etiological factor in Laennec’s 
<irrhosis. 


classical 


Dr. S. Karelitz (Mount Sinai Hospital). 
In March and April of 1947 we experi- 
enced an unusual outbreak of acute fulmi- 
nating hepatitis resulting in death through 
acute yellow atrophy of the liver in four 
babies and active hepatitis in two more. 
The first case was a 214-year-old Puerto 
Rican female who had been burned on Feb- 
ruary 13. Thirty-one days later she became 
ill with an unexplained fever and an en- 
larged liver and spleen. She developed jaun- 
dice and within a few days died in cholemia. 

On April 3, 1947, a 214-month-old boy 
(RW) was readmitted to the hospital be- 
cause of jaundice and fever of one day 
duration. His liver was large, the icteric 
index was 63, the serum alkaline phos- 
phatase was 84 King-Armstrong units, and 
the urine contained bile. The child lived for 
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five days. Post mortem examination revealed 
acute yellow atrophy of the liver. He had 
been in the hospital because of alimentary 
intoxication beginning February 8, 1947, and 
received plasma transfusions on February 10 
and on February 14 or 47 to 51 days prior 
to the onset of jaundice. 

Another child, 2 months of age (AT) was 
admitted on April 3, 1947, because of jaun- 
dice and a petechial eruption over the en- 
tire body. This child died 8 hours after 
admission. He too had been in the hospital 
in February because of alimentary intoxica- 
tion and received 60 cc. of plasma on Feb- 
ruary 22, February 24, and March 11, thus 
37 days intervened between the first plasma 
transfusion and the onset of jaundice. 

On April 4th (N. M.), a 6-week-old 
female was admitted because of a febrile 
illness and pallor for the previous 3 or 4 
days. She had received 595 cc. of Rh nega- 
tive blood during an exsanguination trans- 
fusion for erythroblastosis fetalis on Feb- 
ruary 22 at Mount Sinai Hospital. Her 
icteric index mounted from 12 on admission 
to 99. She too had bile in the urine (4 plus). 
Her serum alkaline phosphatase was 36 
King-Armstrong units and the serum bili- 
rubin 7.8 mgm. per cent. She died on the 
8th day after admission. Her post mortem 
examination revealed the identical pattern 
of acute liver necrosis as observed in the 
other three patients. All four had positive 
cephalin flocculation reactions. 

Because of the rarity of acute yellow 


atrophy in this age group, the occurrence 
of the disease within a very short period 
in babies who had received plasma on the 
pediatric wards of Mount Sinai Hospital 
we felt that the source of the infection was 
the plasma except in the baby who had 
had the replacement transfusion. 

All children who had been on the pedia- 
tric ward at the time these children were 
there were investigated and several were 
seen at the follow-up clinic. Of the 20 who 
received plasma half of them were brought 
back. One of these had had a febrile illness 
with jaundice and recovered. Another baby 
previously treated for alimentary toxicosis 
developed a very large liver and spleen and 
had several periods of unexplained fever 
since her discharge from the hospital. She 
recovered spontaneously. Cephalin floccula- 
tion and Thymol turbidity tests were done 
on the blood of the babies seen at the 
follow-up clinic. The results were negative 
in all except the two who had 2 plus cepha- 
lin flocculation reactions. 

This outbreak of serum jaundice is sig- 
nificant because of the high mortality, the 
high incidence of the disease in such young 
babies, and the relatively short incubation 
period as compared to that usually ob- 
served. A detailed clinical report of these 
observations will be published with Drs. 
M. H. Bass and Ralph Moloshok and the 
pathological findings will be reported by 
Dr. P. Klemperer. 
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THE BARD COLLECTION 
GIFT OF THE FRIENDS OF 
RARE BOOK ROOM 


THE 


“The manner of my examination was as 
follows, on the first day I had not the most 
distant hint what was to be the subject o. 
my tryal. I went in trembling...” Thus 
wrote Samuel Bard to his father, John 
Bard, before recounting the questions put 
to him in his final examinations at Edin- 
burgh in 1765. This correspondence between 
father and son provides an important source 
for the study of medical education in Scot- 
land during the 1760’s. These thirty-two 
letters with valuable biographical and gen- 
ealogical material relating to Samuel Bard 
and his descendants constitute a unique gift 
made recently by the Friends of the Rare 
Book Room. 


The Bards were the outstanding medical 


family of New York in their time, and it is 
fitting that their letters should be deposited 
in this Library. Those written by John Bard 
offer not only advice to his son but items 
of local interest as well. Those from Sam- 
uei’s pen, besides detailing his studies, plans 
and adventures abroad, refer to the activi- 
ties of his own countrymen. He writes with 
some misspelling, on December 29, 1762, 
“You no doubt have heard that Doctr. 
Shippen has opened an Anatomical Class at 
Phyladelphia, his character here as an an- 
atomist is very good & I dare say he shines 
accordingly at Phyladelphia, you perhaps 
are not aquainted with the whole of that 
scheem, it is not to stop with anatomy, but 
to found under the Patronage of Doctr. 
Fothergill, a medical Colledge in that Place; 
Mr. Morgan who is to graduate next spring, 
& will be over in the fall, intends to lecture 
upon the Theory & Practice of Physick, 
and I dare say is equal to the undertaking. 
I wish with all my heart they were at New 
York, that I might have a share amongst 
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them, and assist in founding the first Physi- 
cal Colledge in America, I do not want 
Ambition to prompt me to an undertaking 
of this kind at New York... but I am 
afraid that being so near the Phyladel- 
phians, who will have the start of us by 
several years, will be a great obsticle, and 
another allmost insurmountable one is the 
Parties which exist in New York; for if 
such a thing was to be undertaken it ought 
to be in conjunction with the Colledge 
which alone would be sufficient, to make the 
Presbyterian partie our enimys. ... ” 

The Friends of the Rare Book Room of 
the Library of The New York Academy of 
Medicine, Inc., was organized in 1946 for 
the purpose of promoting interest in the 
possessions of the Rare Book Room and to 
raise funds for purchasing books, manu- 
scripts and autograph letters to add to its 
collection. Besides the generous gifts al- 
ready made to the Rare Book Room, the 
Friends have been responsible for stimulat- 
ing its members to present many volumes 
from their own libraries. While these first 
efforts promise well for the future, the 
Friends urge all Fellows of the Academy 
to become members, with annual dues rang- 
ing from $10.00 upwards. Communications 
should be addressed to the Secretary, Dr. 
Frederic D. Zeman, 17 East 89th Street. 


* * * 


JOURNALS 


Blue print for health; published . . . by the 
Blue Cross Commission of the American 
Hospital Association, Chicago, Winter, 
1946/47. 

Boletin del Instituto de Patologia médica, 
Hospital General de Madrid, Madrid, 
v. 1, no. 1, Jan., 1946. 

Bulletin, Georgetown University Medical 
Center, Wash., D. C., v. 1, no. 1, June/ 
July, 1947. 

Bulletin of the Mason Clinic, Seattle, v. 1, 
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no. 1, March, 1947. 

Canadian journal of occupational therapy; 
published quarterly by the Canadian 
Association of Occupational Therapy, 
Toronto, v. 1, no. 1, Sept., 1933. 

Cancer current literature, a periodical an- 
notated list, prepared by the Medical 
Library of the American Cancer Society., 
N. Y., v. 1, no. 1, March, 1947. 

Cancer news; published by the American 
Cancer Society, N. Y., v. 1, no. 1, Jan., 
1947. 

Ciba Zeitschrift, Basle, v. 1, no. 1, 1933. 

Clinical reports of the Adelaide Children’s 
Hospital, North Adelaide, South Au- 
stralia, v. 1, no. 1, May, 1947. 

Dermatology and venereology, Amsterdam, 
v. 1, no. 1, April, 1947. 

France. Institut National d’Hygiéne. Bul- 
letin, Paris, t. 1, no. 1, Jan./March, 
1946. 

Gesnerus, Vierteljahrsschrift, herausgegeben 
von der Schweizerischen Gesellschaft 
fiir Geschichte der Medizin und der 
Naturwissenschaften . . . Aarau, Jahrg. 
1, Heft 1, 1943. 


Higher education: semi-monthly publication 


of the Higher Education Division, 
United States Office of Education, 
Wash., D. C., v. 1, no. 1, Jan. 1, 1945. 

Hospital (El); la revista interamericana de 
hospitales, N Y., v. 1, no. 1, July, 1945. 

Indian (The) physician; a monthly journal 
of clinical medicine, Bombay, v. 1, no. 1, 
Jan., 1942. 

Jefferson-Hillman Hospital bulletin, Medical 
College of Alabama, Birmingham, Ala., 
v. 1, no. 1, Jan., 1947. 

Journal of child psychiatry; [neurology and 
clinical psychology of the child], N. Y., 
v. 1, sect. 1, 1947. 

Journal of general microbiology; edited for 
the Society for General Microbiology, 
Cambridge [Eng.], v. 1, no. 1, Jan., 
1947. 

Journal of penicillin [published by] Japan 
Penicillin Research Association, Tokyo, 
v. 1, no. 1, March, 1947. 

MD; an international journal for interns 
and students of medicine, Chicago, v. 
1, no. 1, Jan., 1947. 

Medical bookman, London, v. 1, no. 1, Jan., 


1947, 

Memoria de el Colegio Nacional; México, 
tomo 1, no. [1], 1946. 

New Jersey Tuberculosis League. Statistics, 
Newark, v. 1, no. 1, June, 1947. 

Ophthalmic literature, London, v. 1, no. 1, 
June, 1947. 

Ophthalmology, Amsterdam, v. 1, no. 1, May, 
1947, 

Paediatria Danubiana; 
mekgyogyaszati folydlrat . 
pest], v. 1, no. 1, Jan., 1947. 

Philippine journal of surgery; official organ 
of the Philippine College of Surgeons, 
Manila, v 1, no. 1, July/Aug., 1946. 

Poliomyelitis current literature, a periodical 
annotated list published by the National 
Foundation for Infantile Paralysis, N. 
Y., v. 1, no. 1, Oct., 1946. 

Prensa médica, La Paz, Bolivia, afio 4, no. 
7/8, July/Aug., 1944. 

[Proceedings of the] Conference on Liver 
Injury, N. Y., [1], 1943. 

Pulse, Johannesburg, v. 2, no. 3, Aug., 1946. 

Recent progress in hormone research, pro- 
ceedings of the Laurentian Hormone 
Conference, N. Y., v. 1, 1945. 

Recueil des travaux de l'Institut National 
d@Hygiéne . . . Paris, tome 1, v. 1, 1943. 

Revista cubana de laboratorio clinico; pub- 
licacién oficial de la Sociedad Cubana 
de Médicos Laboratoristas Clinicos, 
[Habana], v. 1, no. 1, Jan./Mar., 1947. 

Revista espaiiola de fisiologia .. . Barcelona, 
tomo 1, fase. 1, Mar., 1945. 

Revista de nutricién, Instituto Nacional de 
Nutricién Direccién General de Salu- 
bridad, Ministerio de Salud Publica y 
Asistencia Social, Lima, Peru, v. 1, no. 
1, July, 1946. 

Revista de Tuberculosis; érgano oficial de 
la Sociedad Peruana de Tisiologia, pub- 
licacién trimestral, Lima, Pert, afio 1, 
no. 1, Jan., 1941. 

Safety review; [published monthly by the 
Safety Branch, Office of Industrial 
Relations, Navy Department], Wash., 
D. C., v. 2, no. 5, May, 1945. 

Science illustrated, N. Y., v. 1, no. 4, July, 
1946. 

Sociatry, journal of group and intergroup 
therapy, Beacon, N. Y., v. 1, no. 1; 


Nemzetkézi Gyer- 
. . [Buda- 
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Mar., 1947. 

Techniques hospitaliéres, sanitaires et so- 
ciales, Paris, année 2, no. 16, Jan., 1947. 

This month in American medicine, [Stock- 
holm & N. Y.], v. 1, no. 1, Sept., 1946. 

UNESCO bulletin for libraries, Paris, v. 1, 
no. 1, April, 1947. 

West Suburban Hospital bulletin, Oak Park, 
Ill, v. 1, no. 1, Jan., 1947. 

Zeitschrift fiir Haut- und Geschlechts- 
krankheiten und deren Grenzgebiete, 
Berlin, July 15, 1946, Heft 1. 
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